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Summary

Development of a catchment-scale water circulation model for
irrigated-paddy-dominant watersheds

Introduction

Irrigation in Japan accounts for 70% of total water divensamd is predominantly used for rice culti-
vation. Water movement within irrigated areas is compédatot only by the substantial volumes involved
but also by repeated cycles of diversion and return flow, bicwHiverted water gradually drains from irri-
gated areas. Thus, understanding water use and its manatgerorucial for characterizing flow regimes in
watersheds where irrigated paddies predominate.

Recent changes in our natural and social environments areaising the vulnerability of the water re-
sources used for rice irrigation, which has been designddperated under the assumption of stationarity.
Distributed hydrological models have often been used tesssthe vulnerability of water resources. However,
although the importance of such assessments in analyzihgpgogenic water use in catchment-scale hydro-
logical systems is being increasingly recognized, few nwdave attempted to incorporate the dynamics of
water circulation associated with rice paddy irrigation.

A model suitable for assessing water resources for riogaition must have the following capabilities.
First, it must simulate water movements within irrigatecerfields, including water diversion from rivers,
allocation through channels, and return flow from irrigadeelas. Second, it should represent natural hydro-
logical cycles in the whole watershed and should integrateral and anthropogenic water movement within
the watershed.

In this thesis, the author presents an integrated modetthgties catchment-scale natural hydrological
cycles and human-related water cycles in irrigated paddgsarhereafter the catchment-scale water circu-
lation model. The main objective of model development isgeess the interaction between human-related
and natural water cycles, especially in watersheds wharsaligirrigated paddies are dominant. In addition,
to extend the applicability of the model to a broad range afrblogical conditions, several sub-models are
developed for representing flood inundation and snow-ngefirocesses. These sub-models are subsequently
integrated into the catchment-scale water circulationehod
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Thesis Outline

Chapter 2 introduces the base model for this study. The baskelsimulates the interaction between
catchment-scale hydrological cycles and paddy water t8esauthor also traces some of the shortcomings
of the base model and outlines the concept of the new modeChhapter 3 presents the core issue of this
thesis to be addressed: the representation of water diauia densely developed irrigated paddy areas, and
the integration of this model with natural hydrological l®& The newly developed model is applied to a
typical watershed in which irrigated paddies are dominardapan, and the interaction between natural and
anthropogenic water cycles are evaluated. In Chapters 8 dodextend the applicability of the new model,
sub-models for snowmelt and flood inundation processesnén@duced and validated. Finally, in Chapter
6, the catchment-scale water circulation model is apphbetitee experimental watersheds, each of which is
dominated by dterent land uses and cultivation statuses: namely cultivaaeldies, abandoned paddies, and
forest. We then discuss the ability of the new model to repcedhe hydrological changes associated with
physical changes in paddy conditions.

Results

Chapter 2: Base model structure and explanation of new model

The new model consists of five modules: water allocation aadagement, cropping pattern and area,
paddy water use, actual evaporation, and flinbhe model simulates both natural and anthropogenic water
flow on a grid-cell basis. In each grid cell there are threeceptual soil layers: root zone, unsaturated zone,
and saturated zone storage. Each grid cell is associathdmwiture of various land uses, and for each land
use the model simulates the generation of surfaceffamal actual evapotranspiration. The generated surface
rundf is routed by using a one-dimensional kinematic wave for oeafiow.

The model explicitly represents water cycles in paddy aasasell as representing natural hydrological
cycles, thus enabling assessment of water managementidatéd paddies. To represent water management
in paddy fields, two modules were employed from the base modahely cropping pattern and area, and
paddy water use models. These sub-models simulate thalspati temporal variation in cropping areas
and water use in watersheds dominated by rain-fed paddiesontrast, a new part of my approach is the
representation of water fluxes over multiple grid cells. éjavater fluxes include reservoir management for
irrigation, allocation of diverted water to large irrigdtpaddies, and return flow from irrigated paddies to
rivers. Representation of water flux over multiple grid sédl the core theme of this thesis.

Chapter 3: Modeling water circulation in irrigated paddy areas and its integration to catchment-scale
hydrological model

The water allocation and management model is based on twor ralgjorithms, namely, a reservoir
operation scheme and a water allocation scheme. The ré@sepevation scheme is used to estimate releases
from the reservoir to irrigation weirs downstream. Typiealter releases from a reservoir, such as releases
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for hydropower generation or releases of excess water \pilaay, are calculated simply by evaluating the
inflow and storage capacity of the reservoir. In contraggjation releases need to consider the flow rates at
diversion points downstream. In other words, the amountaiEwreleased should meet the water demand at
the downstream diversion point.

The lack of precise data describing water-use facilitieds @mannel networks inhibits the modeling of
water flux over multiple grid-cells. Therefore, a recentbhnfigured GIS database of water-use facilities
throughout Japan was used. The database contains spemifichdr each facility, as well as for irrigation
channel networks and irrigation block polygons; thesetlastcriteria have rarely been used for hydrological
modeling. Instead of calculating detailed water flows wigldfaulics, the model simulated water allocation
according to priority orders of grid-cells in each irrigatelock. Thus, we first determined the priority order
by assuming paddies in upper part in the irrigation blockhweihannel have higher priority compared with
those in lower part without channel. The priority order wasedmined by using the following attributes of
each grid cell: 1) distance from weir, 2) distance from itign channels, and 3) elevation. We then allocated
water on the basis of the water demand in each grid cell Vatig the priority order in each irrigation block.
The modeled river networks were used to route the drainage iitrigated paddies.

As a case study, the catchment-scale water circulation hveale applied to the Seki River Basin in
Japan. The grid cell size was approximately #kand the catchment area was 1140Pkrfihree irrigated
paddy areas extended along the sides of the main river; thkamea of these paddies was 9200 ha. The
model performance was first investigated by comparing tleutzed discharges with those observed at two
observation stations along the main river. One was locatsddownstream of the largest diversion weir,
and the other was located at the outlet of the watershed. WHeenesults from application of the water
allocation schemes were incorporated, the calculatedhaiges during irrigation periods closely agreed with
the observed data at both points. The results indicatedbibifit of the observation points were strongly
influenced by diversion and return flow processes, and tleatvtier allocation and management model that
we developed was highly capable of representing the irntierabetween water circulation in irrigated paddy
areas and river flow systems. The results also suggesteal ldrge portion of the diverted water was returned
to the river and thus could contribute to stable flows for dstneam water uses.

Chapters 4 and 5: Extending applicability of the catchment-scale water circulation model

Two sub-models were developed and integrated into the madlehto extend its applicability to a broad
range of hydrological conditions. First, Chapter 4 presérg grid-cell-based snowfehowmelt model in
which daily snow accumulation and snowmelt are calculatedding a simplified energy balance. Satellite
images of snow-capped areas were used to estimate thel sfsttidution of model parameters in regions
where the observed meteorological data were sparse. Thelmad applied to the Seki River Basin, a repre-
sentative snowy basin in an area with a relatively warm widlienate in Japan. Comparison of the calculated
and observed snow water equivalent revealed that the modetssfully represented the spatial distributions
of snowfalfsnowmelt within a range of 200 mm, except in areas wherelipoakbnsive snowfalls occurred.
In addition, the discharges during snow-melt periods, &utated by using the catchment-scale water circu-
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lation model, represented flow peaks and flow regressiortshigh accuracy.

In Chapter 5, an inundation process model was also devekpe&ihtegrated into the catchment-scale
water circulation model. To assess flood hazard we emplogadEle model that assumes that the inundated
area is a reservoir and the water levels in the reservoirtemdurrounding area are equivalent. In other words,
no active water movement is assumed in the inundated area$ethe whole area is flat. In this model, the
inundation volume is calculated by using a continuous eguaatith the relation between inundation depth
and volume, or H-V relations, for the area: the excess rasudace flow above the maximum conveyance
capacity of the rivers is input by using a distributed watezwtation model. To apply the inundation model,
the high-resolution digital elevation model ASTER GDEM wa&d to extract detailed topographic features.
High-resolution raster digital elevation models, which Becoming available at global scale, provide useful
information on detailed topographical features withindiniel cells of distributed hydrological models.

The model was applied to the Xebanfai River in the Laos PDRpanithormed daily calculations for 2004
through 2008. The Xebanfai River, a tributary of the MekorigeR drains an area of 10,330 KmPaddy
fields, which account for 23% of the total catchment areaf@wad predominantly in the lower part of the
watershed. Thus, prolonged flooding causes damage to axtgasidy areas. Incorporation of the inundation
process model, markedly improved the performance of thehoagnt-scale water circulation model in terms
of calculated discharges, including the timing of peak liisges. In addition, the model was rigorously
validated by using the maximum area inundated in 2008, asmeted from ALOBPALSAR images. The
comparison confirmed that the large-scale inundation gsEsin the lower reaches of the watershed were
precisely represented by the model; hence, the model entitdeagricultural damage caused by flooding to
be evaluated.

Chapter 6: Application of model to experimental watersheds

The integrated model’s ability to reproducefdiences in run® characteristics among watersheds was
investigated. To assess the interaction between hydrabgharacteristics and paddy conditions, three ex-
perimental watersheds were set, each of which is dominatedther cultivated paddies, or abandoned pad-
dies, or forest: namely cultivated-paddy-dominant waiteds(CPW), abandoned-paddy-dominant watershed
(APW), and forest watershed. Each of the watersheds waxippately 1 knt in area. Rainfall and dis-
charge were observed at 10-min intervals in each watershid.short-term rainfall-rurfé characteristics
were analyzed in the case of rainfall events exceeding g pgegcipitation of 20 mm and a rainfall intensity
of 5 mnyh. The analysis revealed that the réimatios of APW were significantly higher than those of CPW
under wet conditions, whereas no significarffatence between the watersheds was observed under dry con-
ditions. These results indicate that abandonment of padedasls to larger peak discharges, suggesting that
the presence of abandoned paddies increase the flood riskdtesshed.

Next, a sub-model representing land-surface process imdaipad paddies was developed and incorpo-
rated it into the catchment-scale water circulation modéle model was applied to the three experimental
watersheds. Before the calculation of the short-term fiuements, long-term calculations at 1-day intervals
were performed to estimate the initial conditions, or wetén each experimental watershed. We then per-
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formed short-term run® calculations at 10-min intervals using the extracted staté&ables for CPW and
APW. The discharge calculations revealed higher flow peaksAPW than for CPW in wet conditions,
whereas the flow peaks were equivalent in dry conditions.s&hesults were in accordance with the ob-
served runff characteristics. Comparison of the initial conditionswesn the watersheds revealed that the
storage volumes of the saturated zones were higher in threlabad paddies than in the cultivated paddies,
suggesting that the water table was higher under the abaddmddies. The model experiments showed that
differences in groundwater storage méget the short-term rurfbcharacteristics of small watersheds.

Conclusion and Outlook

In this thesis, the author presents a novel approach fossisgethe interaction between natural and
anthropogenic water cycles in irrigated-paddy-dominaatiensheds. In addition to assessing this interaction,
the proposed model is able to reproduce the changes in wiatatation in watersheds by accounting for
differences in paddy field management schemes. The concepts inaithel should contribute to ongoing
discussions on how to incorporate anthropogenic impatadistributed hydrological models.

There are two potential beneficiaries of this model: the ataychange impact-assessment community
and managers of water resources in paddy-dominant watkyshfe number of studies have examined the
impacts of climate change on water resources. However fibetg of anthropogenic water cycles in paddy-
dominant watersheds have not yet been examined expliantythus the impact of climate change on paddy
water-use systems is not fully understood. The proposecehuadculates both natural and anthropogenic
water cycles in watersheds. It thus provides not only stram changes, but also the potentidfezts of
climate change on reservoir storages and the amounts of diageted for paddy irrigation.

Also, the model has the potential to contribute to waterueses management, especially in watersheds
undergoing rapid societal change. The expected socieaabges in paddy-dominant watersheds in Japan will
lead not only to an increase in the number of abandoned pgduiéalso to increases in the number of crop
varieties used and the length of irrigation periods, oreéases in water demand due to changes in field water
management. Moreover, in developing countries in the Aslansoon region, the area under irrigation and
the number of reservoirs being developed are increasindratreendous rate. This model should be highly
useful in the planning for optimum management of such whests.

Assessing the potential impacts of changes in the natudhlsanial environments of watersheds on
water resources is one of the main areas of study to whicholggical models can contribute. If such impacts
on water resources are found to be negative, then it will h@pitant to proposefiective countermeasures.
The model presented here, which represents multiple wates in an integrated manner, is suitable for
addressing these issues and for optimizing water-useaggos for whole watersheds and water sharing
among water-use sectors.
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L, WIKOHBITER T2 R —HOI ) W E2BE L7 VA< ICEH ST b (Beven
and Kirkby, 197911 7=, 2%E T4 1IkmlU D7V v RCHEIL, Hifg & 1H5% 7 —% (Boorman
etal., 19950 ZFIH L72 i HE 7 RO R Y AT, FEAFRMSLB/NS W Loz, FHEkE
bEWZ Enb, L= —WEEZ AN U2 TR, [EEE) A~ O BTN %S ~Dhg IR R 2 A
#TW5 (Belland Moore, 1998 Bell et al., 200945

INHDOETANILSEHIND LI o BRI, HREEOWHEE I Om BT, HiEE<
VE— BV TIZE s TR LN EE, TR & o 72 HSR i i o0 22 [ 1 i O # 4 3 E
MEZ LTk D, HARRHET AV ZISH LR EO0E S LT, KEEBIFIC X 5 ERER KGR
DZALFH (Fujihara et al. 2008M) RLKEZER A OBINSE OESHERIC L DK Z kL 20K E RO
ViR« BERA T — L T OREFF R E ORI ZE A & 5 (Hanasaki et al. 2008a 2008b; Rost et al.
20081718291 a1, Z o & 9 22BFSE CIRELRE O M L IC b TR Y, WETH~S L9
727K R X D AR O BR FEIE 2 B0 IS B R L 127 L ORGEHIIZE > T

1.2.2 JKHEKFA &L REKBROBEEREFZRTMICEAY 5813%

JRIB D 7K HEEH X O K FEBR (T B3 2 B 72 o D728, AKISGENERNOHWH T E
7o, ZOFETKFIRAPHNOZE L TWAHREH 28 A Ttk Z & OAE - fRHEZHE L, KikNoO
HEAKE, BUKEREZRDDLFETHD. KINSHEZRRICEIY £ 2O, RBOKBHAKEZRD S
FHEOVE-SE LT CBE (A, 197389 2%, EAlkENTWAboo, FEIICET 5 KIER
BEOMRBIINECTH D, Fio, BEOKBEEMEHXDBFET Hiikics W\ T, BiET 25 2 im0 oM
BARAGR 2RI H U 72 IAE R Je K DOHEE P IR BRI ST 3 i R EN T (BA 5, 1976; FHA - K7,
1986 5770 = > TR IIRIIC LT D IRIEDOHEE CBLR O HTY — L & L CIHARRED, KEROY
HAPRREEICBEZLMZ L b DO TIERWZ, THIFIHSKFIHOZRIZRT 2 FRICIFHWS Z & i1ET
X720,

EPRIFHE T VAR L RBUKIL BT & LT, BEX L 7 BT MCE A HERERSATWD
Ll s, 1979; EH 5, 197917288 = il 2\ < D c o E L UMM S L ic & v 7 =5 V& i A
L, ZOWEHO L#FIHICIE Ui HhBfE 2 4E L TR OmEZF T 5250 TH 5. HHds (1998
2000374 3t A & v 7 =T AEISH L, IRIBKIK OB 21T 72, LL, # v 2 BT OREE,
BIUHTEE DT DAL WURIZEBIT 537 A —2 OEBIRHEEIES, #HE7 KR D Z2 IS 2 B D
ADFIER EORR REEDE > TN D,
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—75, AT TS & DK MO R B 2R A FgE L LT, % (1983531 13 AMIiESEY (kM
) ORBERELSZITLHERDWINCENT, BERUKEEZBELIZA v a2 BMOSMET MLV E
MM 21T o 72, L L, BHEEIISCADN T —ZITHIBR B > 7272 A v ¥ 2 ([T HE— 0 L HF 2
Y THNTEY, VA 7RO LHFIHEEORBELS LHAIE - KFIHOZE R EORBITITE
T, F72, KEAFIHOZEEE SARRHET L ETRET 58 LT, EVA—VT VT
WORFINFEIL L LT A 3 AR A xR & L, ZEKBARFIHCEMERICER LT vk
1T-> CREEEE) L REBOKIEER OMEA N SN TS (B0 - HH 5, 2009; Masumoto, Yoshida et al.
2009 [23:67-69] 7 7= || b b U7 s L R K F R/ MR 0 K Wi 3% T O BEREDS KR4y & 5 b, & 1%
D KRB 72 B K HIZ K D KIEER OZLIZEB STV, AT, EMKEARSHDLELTHET LD
H—2Xvya (10km NIZIRED LD TH 72728, RO N &7 KIGER R DORBUTIZE > TR
V. 2 S OBFREOMIZ b A B T T A K HKFIH 2 A A ek AT o 5 2%, BUK « B#Io s fitiseoR
MCHEPRAICRBLE Y (G5 - (UfE, 2008 B4, [ ~0 KRS S5 Iclbh Tl (D,
2002971 Sk EEEE O FBUITHRENE SN TN S,

FRO LT, IR S AU K HREEH X 2 A3 2 ) RIS A AR T T L 2T 25512
X, B AKMLO R R, SEE TOBUKEOHETE, X OICITEMHIX )5 ORI EOBEDOE T LR M E
L5,

1.2.3 KEOEBRRRERHFEICET S8R

KRR, POKTERRERE, RIEBEERS L, KEFERSEOMNESHELZ AT L Sh5. iz,
HRLE K B O RO BEAFEFIRERRIZ S O — 2 K HICHTRE L, tRA ICHRT 2 2 &1 X 0 3 S 5 HRE
ThHN, TEETT2BMEREICL Y 2O OBREDE TR I TS (FilE, 199461,

DX IRRIO T, BHEREES T LR K B OKSOR I EO 2T, K E O SO MRS L
G L Vo B OZLICER LA (FH S, 1997; 845, 1997; & 5, 1997)150.86.9]
R, KHEOK OO ECRERED E S &\ o 2B EE O I E B Ui MBS R o ik (R,
1992 8% [z k5 T BT EN, ZhSDMHIBROET MEbITh TE - (THES, 1997; HADL,
2003 7L87 7=72 1L, b OFME - MNTIZTEICKE—E0 LIERE L FHEHMN L LTTbh, BAs—
JLTOFREE DAL DTSR A &7 — )L DFR RIS & OB A FF o) & 9 SISO W TR IRIA & 7
TRVENEZ.

DX D RIKHEOPHERIE & ik A 7 — L OFHFREOBIfR Z KRBT 27 AR CE UL, thoii
CRBROBRFZ1T 2 HEC, HHFRIA - BEOZLE2HE LI ROmR T 1T O HEICFATH
5. L, ZhETORBOL L Tl HMF AR EN B2 5 EROmRICERREHET V2B L,
BONTETNDIRT A — 5 OENID b HHIFIA OZAL & RHEFEIC SOV TOEERZRBERZHm T 5 b0
PNHLTHo7- (FIZITHPA - FAE, 1994 1994065661 = iz if Loy A ik e 7 0 13k o 1
o LHFI NS OWMH T nE 22 RETE 5720, KEOBHIRIEDE M & 2 FBR 0w 0 7%
BEMBICERTE DA Z MO TN 5.
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1.2.4 BE - BEBEEOETIVEICET MR

AT A TH#E S LRI 2 AR WSS IS Th 5728, MBS TA 5 & FREDKINIC
(BT 5. BRI, dbbeth 5 IIFEEIR & A AR DI S D KK K AFBKENEFICEL, L
HAZEOFEKIRN 3°CHiE EmWe), BELERAE D & OKRREMN TITFEET HXEMHE TH
% (B, 20000Y, bRty 2 90 &3 % B AROEE SR, SR ESICR L THURT, TR
EROFFEDMBR - BICHEZDEEDNNIWVWEWIFENRH Y, ZOREE N MR EO R XA D A
7257, HIERERRLRIC T 2 REOKEROFHE & W O BLEN O b EETH D.

Tl 2 & — L OBE R EICIL, EPREHETF CH L TERIREBMEROBGEAWET 1 7)) —
FAENIEL VB, HEREBRE(L S T ) A2 & 2 FE)IOBSE - @SS OB TRl 21T - 726
FIEIREZE OF E - 85, 1998; # k5, 20008538 ¢, Bn s, LavL, ki o @S Kk 2 b m <o mt
HAR - FHICEVRARD 70, SHREHEFANCT 4 7V —F A B2 EAT2ITERARH Y (N
Mo, 1985al48l BN IC S BE - BEROHEE (il 213/ 5, 1985b; Kondo and Yamazaki
1990 BOA4T mpgE L 70 %, Z B OBUNRIC L @S BEHEE I, MEBGIC LD RS EOHTE (F
&5, 1987; Ja - A, 1994116315 By L A IHOHEE Dtk B (Motoya et al, 200D 271 &z k.
HEEAAR LN TND R, FIICEAT 25838 - B ES OB 720K 5T — 21T
LT HIERTOHEENSLE L 70 5.

—FC, K (200D 5% (354 AMeDAS DL —F RGBT — # OB W TS OB K &
GIHEET 2ET VAR LIz, 61, FETAZERICEHAT 5720, EREIFSHTICE D FEET IV
FONRTG A—B ZETHET 5 FIEZREL, 2 7 Hik~0#MA%21T-7 Ok, 200209, L
L, SAZEOMBKT & BERDO T A =2 OBBRALT L LA TIZRNZ E0h, K4 - MERE
DT — 5 PDIRONHIE A~ OB O 0121, K AHEARTIEIC L Y 8T A —F ORI OHEE SR
MEoTnN5.

1.25 EFDCLEEKBEDETIVIE

K D% < ITILEIC R L CHEIs 2 (8 B A S LTV 228, IDEIIHES 7= 53 & FRF IS ¥
Lo TOEERKERE LTEST bR, Z0FF LA TTh T X7~ (Hai et al., 200816,
UL, JREERRNT 21T 5 720 OFFMI/ AW, =, ARl%0T —# 1%, Alcantara-Ayala(2002 [
AT 28 Y, FCRESR EEOETHR) BN TR T 08, Be bR bI, (LR T /L6 A
DIDDOREREETH 72, HIZIE, IR A 7 — /L TOLREREOETT MLEIT ) 7-9HI2, Yamazaki
etal. (201D BY (FHMHAEHET LD A v & 2 NICHITET — X 2BV IATD ZATH T A v o Zr—L
DI « WeABFZTT > TWDAS, FNEE, B SSOHRITRERN T A—2 L LTHRELTHS.

Rkt L, R AR (19770 omik - R (1995 1891 3, (ESEIR A Ak B HIHE I 350 A 10
SRR T R TR CREIB 28 Wik I 2 TRk 2 = LIS A L, ILEAE L AN E B72 LTEDKA
W—REICEAT 2 & LM FIEA IR LTV 5. ZOFEE, LEROMET —% 0Lk i+ 2 &
TEMRZEE CEEICITTAS. L LARRDL, SHAMHHET VB TIEN D A v 2~
BRI RILTE P, kI X 2 EHEOHEERSZ OKREIRE LT OGS 21T 5 720 05 S il
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Lo TWnA,

1.3 BHIEAE
FROLOAREEL INE CTOMEMELEEE X, KFEOBR %

K ERE LRI C 3 1 B N AR 7 KGR R 2 REL L, TOKIEER & —(KMICEENT T 2T LD
BHRE & RRGEZ1T 9

ZEETD.
FEROBWEZZETATZD, UTOX > BB L V52D 5.

1 AETHBETHETLOTr N2 A 7L LT, ZEZKBEARNBEZZE LT omAKIERET )V
(B0 - HHES, 20096769 2@\ S, FHEFAEZLUTARILHTIE AT V] & L5

2) KM% E 725, KHEFEMEBITEIC T 2 NAM 7oK mEhafE 2 R34 5 THAKE) - BHEE
T BEEL, EARETMIFEET S, 61, BELLCET VZ/KHEER BRI EH LT
ZOMAEMEEHRET DL LB ,mm@ﬁﬁmﬁ CHEZDEBIIOWTERMICBERT L. ek,
AR T HET N E LI ARGRCH TIE TR IEERE T V) & L5

3) WHUKIEERE T /L THHEIRIES R A 2K S OFH ) @R 2 MAAZ, - HF <K H &
W 7 2 ORI ET NV AEMAT 5. WA LT VO OBERMEIC OV TRET
5 EEHIT, FIIMHUROFRISKIGER & TS TH A /K HOEEIREE & O AR ZFHET 5.

4) FEHOKIGERE T L Z RV K SCRE Otk ~E A 572012, [HE - @E] 310 HEEHoL
B WREEZRBT L2V T ETAVEHET L. KV T ET A ERBUKIGERET VI AAT & &
HIZZN DO DOFEEREN R Loz L, =7 A E BEERIET 5.

1.4 WX DIERK

ZOETIE, AFEOEFEBNBLOHEICOW TR TE 2, RELMEIZ, 995 2FE CTAIFED
BT 2 MBUKIGERE T N ORAREEZ IR T D L L bIT, ETABBORA V MERR L TERET VL
DEWEHREIZT 5. I FETIE, RO L 722 HKE Sy - T T L OBRFGER X Oikok 1§
BT NASDFEFIEZONTIRA, ERIA~O#EHFERNGET L OMEEGEEZA LN T S, RNTE 4
%, SETIE, MEUKERTT VOSSR, MFEORR~E T L OmEASEEZIET 5720037
ETNVORFELITD . HAETIIHES - SRR, 55 =5 IR FHoOLEEABRORE ikz R &
EHIT, ENENOBENER LRI BT 7T ET LVORGEEIT ). S HIZH 6 B TRk G

ET ATHHEIRIEDN 72 2K H 2 B O HlFE 2 ML A A 2, HHER 07K H O F BB S B 7 2 o
Bl e T A2 EMAT 5. EH LEET MK DMEOBBNEICOWTHEET 2 & & bz, il

ORISR & RN CTh 5K HOEEREE & O BB ZFHET 5. REICE 7TECITMmE 4% ORE
BIZOWTIR R, AimLzin < < 5.
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21 XL &I

ARTETHE, TEARETIV] (SRR AR 2 S5 L7 /UK IEBE 7L (R0« i 5, 2009)167-6°)
AT 5 400Y T EF L GRINET Y, ERFERREIEETT L, (ERIEY - (EREREET T L, K
FARIFET L) I2oWT, ZOM&LFENEEERS. &bI0, ABIETHRY Mt NiEukEse s
V] DRAFERA » MZHONWTIERS.

AREECR LT FHAE ORI AL dUIZIEABIC A BALCH L. 72721, HMFRMEAERORE (2.2.1.2, #
T - TR OIS (2213 TN ETCX 5. £, EF R0 O, MoK
TAEON, KEF TR U EITR O, ZRNTEETLLOTH L0, BICH S 2R Y
[, ZEMOYTEIEFIR LA,

2.2 HREBKBEEBETILOEKRES
221 JRHETIL

2211 Uy FEIVEEOFELKES

etk fEER T T VL, EEoMREHE (Root Zone Storage HE d A~ fufiik (Unsaturated Zone Storage
TlEofafnik (Saturated Zone Storage: V5 3JEDHTRE B 7Y v R HEIT 5 (Fig2.1).
2OV y R I BEMICE DRI, $RERE Tk 2RMENR, 7V vy FeEABoOME - #FoO
KB & o T BKSGRFE 2 KRBT 5.

&7V REATIE, HK KKH, BEMKH, MM, AKRo THRHEXS %5 2, ZOREEHEO FK
U & Simax (Mm) (3 BRI 2 & OIRBEEUR RITR &2 S HERIC L BEAHTEHL, 77Uy Fev
([CH—7MEL T 5. MEHEETEE S, (mm) 1, BERARE ] (mm/dt), EZARE#E Ex (mm/dt) DI
MBEHRT .

ds

at - I —Ea-Qu (2.1)

TIEEARE 13 2212THAETHHIBEICL VB ZLORAEZFE L, & LHAIHOEEER CHEARA
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Snowfall/Melt Evapotranspiration
Surface Runoff
Precipitatio
Irrigation Z
Root Zone Percolation_~]
Base flow
(to river)

Unsaturated Zone »J

Saturated flow
(to downstream)

Saturated Zone

Fig2.l 7 U v FeANORAKEE - s

TEHLCEET D, £72, Eqld2.2.3TRAD FEZLVKRDS.

IRBHERATE & Sy N E DR KIE Smax 2 5 &, ShEFFROSHER FRAKEET H. EARET LTI,
A LT SR ERE T ORED R AT > 70 5 HICfafigirF ICR2ET 2 E CTh o723, T2 TiEE
DORFENZZET 572012, fafiEiri ~oi & Q, (mm/dt) Z RfafilkoliriE & Sy (mm), #afn
BTz & 58 Dy (mm) BN RT A —% Te(dt/mm) 753X (2.2 12k Wk d HFAICKBET D
(Beven and Wood 19837).

Sy
ﬁ (Ds > 0)
Qv = 1 (2-2)
T_d (Ds = O)

Z 2T, Sy i faFniEkirE & (mm), Dgldfafiimkirig e K& (mm), Ty lZRRENL T A —% (dt/mm)
ThD. 728, RESLOBIES O 5 BRI F LR 7281 Sy & L TR flafikic & 8 5.

ds, _ {Sr = Stmax— Qv (Sr > Srmax) (2.3)

dt -Q (Sr < Srmax)
AR S OKBENL, BEET 2 TR Z U v R OEFIEA~OAKFEHMOBE) Q, L E~EHT
FIEFH RICE W REI N, fafiikol i (2.4 THEIND.
dDs B
dt = Qv - Qb - I'-\’c (2-4)
70y RO T AKBEIIHRE O T HAICES> o s L, ZOBEE Q, 1L\ (2.5 X VitHE
T5.

Qb = Qo exXp(—Ds/ ) ScLs (2.5)

2T, Quo i FABEIED/ T A —% (MP/dD), S¢ 3 FhHmoMFEAR, LiixZV v FELrnil
£ (m), folZfaFBEEOER 7 A—% (Mmm) Tbho.
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RARET LTI, BERHE R SAREiTE &SBEZ B 25610, T OBy E TONMEICHH
T 5 R e Th 72 (B0 - FHHS, 200969 LovLzZ iz (2.6) TV v R ofam
AT RIS UGl LT 5 b0 E L

Re = Reo exp(_Ds/ fr) Lc (2-6)

Z 2T, Reo ZHAIERE H- 0 OmbE (m?/dY), f 3ol <7 2 —4% (mm), Lo i3iEE (m)
TH5D.

7%, ERD Qo fo, Reo f ZHEOBAMEL IR E TCOLEOES AR LI AT A=ZTHY,
27Uy B ROEE 5 X 5. Qpo & o ITERUKATE BO MM R MmIC L E G2, wfke L
TREMFF O LR OB AR EZ LIRS 2720, BHREOHKE —7 LlREHRT 5 & 9 IZRET
5. —J7, R & I3 RITEKTEICERT D720, WEHIHSOEKRTENHRD S,

2212 MRAELEEDEE
KET /N CRTHMBROBAMBIL, FBRBENRERL B HEICELLHRR (RERRIHE
i) &, BEHERERLESY v REA~OBRRNICEL > TAE LU DHER EfMAE#ER) O —>Thob.
AT I, FHELERRT dt oic—EE TR p (mmy/dt) 25ke L7- & 2 i@ ARE f (mmy/dt) DREREZ1L
% Green Ampte7 /L (Green and Ampt 191D ([ L B L, f A p & FHE-7- L XITRETIHD
LY 5. RHEE D ttdt PFORBRFHEZFROFEAEIZUTO L 5 I12kD 5 (Chow etal, 198811,
F7, Kt OREZER F (mm) »ORARE f 2Rk 5.

WA )

Ft

T2 CHAIEAIREL Keg (Cmy/dD), TEIATIROS 7 < a KB ¢ (mm), FHEBRAAE O IREES G T ==
A0 =1-S;/Smax CHD. HE L fy BEMME p 2 FTEIZGEICIZ 25 t+dt F THESAICZ IR E R T
HIRFEDE L 5.

f)7, fo2% p & ERIDHAICHE, BEAETHPICRA L LUE L L SORBRERE Fl =
Fo+pdt LES, ZOLEDORARE f , 2HHTD. Zoex, 4,2 p 2 EREZEAITITTOHMIC
FREARHETIIAE LAV, M), b U fL, 2 p & FES &I, B dto > HICEEREEERTT
WAEL S, ZBERFMFFNE U DREA t+dt 121, fuar = PB L Frugr = Fp 230 LoD T, Rk
A& Fp i Y

HZB%R
%%, HBIZ, t5 t+dt T TCORNEN SR d £ TORBBEARELE LIV TRERFIHR T Z
%.
—75, H%EOEMRRMFR IR LIRE (S, = Smax 222 Dy =0) O v FEAIZEN
THELD. $74bb, BAtIZBWTIORMEZRIT 7Y v RV T NOEEN R R L &
%, Fiz, FHEEERH 2D t+dt OIS Z ORI SIIB AR, B3 L 72 o TR LA O RE N &
A ARRIHIER T E T 5.

(2.8)

i S A
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2213 #§@E - AEROBHE

FAELZMERIT, £2C7V Yy FELOMEZEL TR FT2008 L, MERHEZREET VICHA
SELEICITBENMMEZEE TS, AT L (B0 - FH5, 200909 ©ix, 10kmlU 502 Y v Kt
JUCHEAE LTm IR GEAANE AT 5 £ CORRENZ 5 HMOBEIEHIC LW RBE L 0D, 727501
BEVEYZ & 28I 7Y v REALOKRE SOHITIKFET 5720, ZOREIIES Tk,

T T T, BAELHMFERHALEICIRAT 5 TORMENEZERT 5720, 7V v FeELro
i & — AROWE & Z OO —S>OEABR e ftim & LTET MMET 5. MR E re(m/s) Z Rt
ELTUTOEIIZHS.

oh dq
ot + Fvia le (2.9)
h = ko (2.10)

ZZT, h:kiE (m), q: BIERE (M?/s), k, p: EXTH5. BEFERK plE, ZMHEE N &
REAR sZHWT, k=(N/V9)P, p=06LEIND. &7V v RE/LOSMMLE N IZEEE (42,
198044 &z, Mk (L5 (snT/3)), i (0.4(snr¥3)), /KW (25(snm3) L, 7V v Fe
N+ HF AR CEAMTT S L2 EE AWz, 72, st sidZ U v ReANIZE £ 5 50m
MEOIER T — % OFEERZZRER CRLULZEE L
BRI, Eft S oiAR Q (Mm¥/s), FikdFHIC X v 5 L7 BALIEH 72 v OffiH AR q (Mm?/9)
EXXYT A v I U —T THET 5.
f§+%§=q (2.11)
A=KQP (2.12)

I, AHiUKEiER (m?), K, P:EMTH L. MEOEK K, PIL, WikE/NiscaEL, b
DOFGEME & 7Y > R eAOFEE S B HE M L 7cABUT L0 IRE L.

BHEFE, HE OS5 RIEICIE Lietal. (19791 (2 X - TR S 7= nonlinear schemé& V5. [
TEIT L2 i TR Z 2 OFIFIN /N & <, IRV OB IZ 24, 2R ICEAFTRETH S, 22
TIXLETE 2 Bl O R FEZ R, R A% j, Z#% A% 1 &3 % L, nonlinear schemes 3=
(2.13 DX DKM, 22 & ITHTEES I LV BBk 5.

AL -Aa, Q-Q" _ali+d,
dt dx 2

L SNTHRFIL L, =o— h U EIC LV RE R 5.

i+1

(2.13)

“hEQ

2.2.2 {EfTEEH] - mBEHEEETIL

TERTREY - EMEREHEE T L (B0 - HH 5, 2009067 13, Kok H &R H O R ER O,
WK PHERE K B U 7oK ORI 722 & NS RO L L 2 HEE T 2T TV TH D, EAET VO
PR T, T A= T UTHIOKBOSZHENEZ BE T 57290, KBRS Az 3L <
Wo. b h, KBEERIT AR (TRKE GERFKEKFR) ), TRAKHE GHBIKIERA) J, THEREAK
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M1, MHKFAKE]) ThY, #EEEFAUT 6 (THEREM), A7), Tk, =i~
H— 2 R, T RENE), THU R KFERE) X9 Thd. £, KROSMEIZOWTHEIEMEA %, IE
BMEA XD 2FEEEZE L TV D, LI 2T, KEOFEMARNESEN DI U RT A—2D
REITIIN T, T AVOERNREZ T OHERRD.

KFGORE % AT X, Fl 2 AT _M%@KE#%%T%tmE#%%#éﬂé%@&L KEIZ G S 4L
7oK BT UCHtA B AEB T 4. BRI, FERBILE A 2> 5 OFER MK B AE 2 A1) FTRERE R ok &
mm(mm)%Ezt&)/htwﬁ%%xﬁ&%%#%é%@kﬁé T2 AT WM I 5K HE
fHEREE (2.1 THHT 5.

D

Ac= Ao (2.14)

22T, A lXERERE (Mm?), DX AT BILED S O AL, Ty 13X AT HIE (R), AglZ® 27U v
RE BV T Z AT TR KR (M) Th 5.

223 REARHMEHEETIL

FIRFEEAEET VL, FAO @ Penman Montetht, (Allen et al., 199803 |2 J v #E7E L 7= L U7 %
B Erg (mm/dt), WHET L CEAE SNTREEEITEE S # W TEARBELZHET OV 7ET L
T D, HUEKFEHEIT FAO ® Penman-Monteitht (£ 2.15 7»OHEET 5. FEUERBEEE Ero OHEH
FEDOFHEMIAREDERITRT.

900
0.40&A(R, - G) + tyz 273u(es - ex(Ta)
Ero = A+ y(l + O.34U) (2.15)

Z 2T, Ry IZIEMHEE (MI/m?/dt), GIidHiEA 7 T > 7 2 (= 0) (MI/m?/db), U 1ZJ85E (m/s), es (LA
FIZASE (KPa), ey(Ty) IFRIR To ik T 2 A% E (KPa, A IXiEE —fafnZA Kt AE (kPg °C),
T EHKIE (°C), yidiiEitEs (kPg °C) Th 5. X (215 OFNENHOFEGIEL, 2412
kL LCRET.

EA + E
E, = % (2.16)
TIT, AL Ap A IRERTENRZ Y v REL, K, BEROERE (M), Ey 13K D ORI (= Eto)
Thd. vk, BEENOOEREHEE (mm/d) 1, HHFRIH I 2 & 0ERBHE Ex(mm/dt) Z Y

LT (217 ok 5.

E = ZKC(l t)':(l) SSr Eto (2.17)

2T, VEMRE Ko(i, t) 1R R 0, Rt OERPRIIC IS U T L L, KRR & ARbkiE 1.1,
% 0.6, FEMEMNEIOAKHIZ0.3L9% (Allenetal, 19985,
2.2.4 JKEAKXKFIBEETIL

JKEAKFFHET VKB ~OBUK BESCHEAKIBOHETE 21TV, X BISHAKIRIZIE U 72 BB B0 /K | s
SOREEZRBETAETALTHS. ZOEFATIE, Bl U1EMES - EmEHEEe s L, mHEs
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—I Basin-wide Water Circulation Model I—

/I Water Allocation and Management Model I\
| [ Reservoirs |€———  Reservoir Operation (3.2.1);
"““' Bl
roo N oooooolbocococoo oo

I | Dlvers1on Weirs | Water Allocation (3.2. 2)|

1 - |
A t 1 Intak. Requlrg:ment for

! / ($a naxe / / Img-atlon Areas; I :

|

J

| Irrigation Canals }—)| Irrigated Paddies |

| Runoff (2.2.1) | En;ro_ve_m;nt_o¥I\ZOHel_CT)IHp;ne_nt_sl
Cropping Pattern/Area || Water Storage in a Grid (2.2.1.1) |I
(2.2.2) I| Surface Flow (2.2.1.3) ||

| Actual ET (2.2.3) | || Snowfall/Snowmelt (4) :
|Paddy Water Use (2.2. 4)| I ingugditlgn_(Sl _______ _|!

Original Distributed Water Circulation Model
— (Taniguchi, Yoshida et al., 2009) |’
Fig2.2 FKBLS) « BT T VE2ME LICBOKIEER €7 /L Ot (X O BT IIARGR S O FE 5%
£7)

b, FEARFEHERHEE T T VAV THEE LB ERE, BUKrTRER (IR E), FARFEEEEMMA LT
AR AAT .

KEA~OEBKE Q (m3/dt) IXHLAKE Qgw(Mm3/db) (IS THEET S, 72721, Buk$ 527U v R
L COTIFEE Qen(M3/db) 38 X OVEREM 2% O fiak 25 & Qi (m3/dt) 2VHIMREIN & 72 5. F720D, Qe
(m3/db), Q¢ (m3/d), Qgu(m3/dt) & DOK/NEFENLH (218 LW HET .

Q= min(ng, Qch Qif) (2.18)
FRUKEREEICLNEEZ, HHKE Qo IFHERER=R | LMK E Quv(M3/d) 763k 5.
Qqu = 2 (2.19)

le
725, Qgw & Qnw EDEITFAKBRAKEL L, BRNLAEDLETITY v FELVOREICEAL. F/z, #
FAZK 8 Quw (XS HALF KR Dy (mmy/dt), 1B O H R Aa(m?) 225LL FIcE 0 BT 5.

Qnw = AiaDs X 10° (2.20)
Dt =ETa+1p-p (2.21)

ZIT, plEBkE (mm/dy, lpidkmiRZERE (mm/dt), Eu i3&%HE (mm/d) TH 5.
IO OEEND, KHEITH 7ku Ho (mm) (3UKEKFZ D Ot & Hpoue (Mm/dt) /KIS 65

H5.

W =p- Ip - ETpad_ Hpout+ Qi/Aia X 1073 (2.22)
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7%, KEDL ORI E Hpow (T2 EBIRZBUE L, HEOBIRARNGRD 5.

2.3 REKBERETILORRKERAS >k

EARET VL, LEBUKE, FMHATREKE, BUKREENS 7Y v R E OKBAKMHALEHERE
AR % FB19 5 (Fig.2.2 o Original Distributed Water Circulation Model 7272 L, A5 /LILRT
WBLTEEICATANIZEBNWTHE L TEL DO TH Y, £ 2 TIERAKHS/ RO BrKIEE T OHERED
K% DT80, ¥ DFEO KRBT X 2 KR OZLITRIE S LTV e, F72, FEBKH
NHHELTHLETLOE—7Y v e/ (8 10km) NIZINEL LD TH-T-.

— 5T, WIS HHAKE D « EEE T /VIEHARD X 5 72 @ BB S ) ieis~ o A % B
& L, Bp/KMiER, )1 BEEEHLIX ~DEUKLZ DRl & W o 1857 ) v R EVREIZE D IR0
K HEBEHLIX I Z 35 1) 2 A& e KIEBRIBRZET b L7z b O TH LD (HKE S - EEET L, FIXH
@ Water Allocation and Management Model [7]E 7 /L % AR E 7 L O Hepi# iy & U CllAdATe Z &2 &
Y, TR HEREK AR O K IEER & IR R T 7 L 2 T & 5 (A H o Basin-wide Water
Circulation Model.

2.4 INFR

ARETIE, AR THET L TREKERET V] OFMERD THERET V] IZOWT, ET7 V&M
5D A4A50%7TETN RHET NV, FERFEBEHEET v, (EARE - (B mEEEEE T v, KEK
FIHET V) OBE& EFETIEEZRARTZ, X512, ARIFFECHRY TR IEER T L OB A A > MM
DTz, KEL, UTOX IcEeDdbns.

D) BAET VISV, FERBRHEETT Y, (FRIES - (ERERHEEET Y, K E KR
FADLMREND. ATFME, ARMORET—4 FA L TTRERD S Y v KL T
B, REWR L & HIOKHOENER, BkREHHT2 L0 THS.

2) 7'V v FEAHRCIERET 5 KM OBUK - AR E RIS 5 AT T K L, BIRT 2 Tkl
BT 7T AAD £ 5 BB IR SIS~ OEME BIE L, 7V v FELEBN5E
SROKIEEE, 7D BEOKIER, Bk - By - BT LV o K IEBBROE F AR AT b
Th%.
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T8k - ZEREREDHE

FYEFR R Erg (mm/d) HEH o=, Allenetal. (1998 i3 x, UTFhbHEHT 5.
_ 4098x 0.6108 ex{17.27T,/(T, + 237.3))

(Ta+ 2373) (2.23)
y = 0.065x 103Pam (2.24)
293- 0.006%\>%°
Patm = 1013(T) (2.25)
0
- € (Tn)(Hn/100)J2r €°(Tx)(Hy/100) (2.26)
o, T+ &1 .27

PlaR&E (kPa, Zidd%mE m, Hy (3@ (%), Hy i3RI (%), Ty k@< (°C), T

61%{&’%“ (°C) Th 5. KR T ICBIT 2MMESE (kPa 1x eX(T) = 0.6108 ex((17.27T)/(T + 237.3))
EvEons
F72, EWBEE Ry UL T OHE T 5.
Ry = Ras— Rai (2.28)
Ris=(1-a)Rs (2.29)
4 4
Ry = U(LZTKX) (0.34- 014 &) (1.35R,/Reo — 0.35) (2.30)

Z 2T, R3S E (MI/m?/d), Ry ZEEKHE (MI/m?/d), a7 <K (=023, Rid4

KEHE (MI/m?/d), Reo XPIEREOETAKE (MI/m2/d), TK, ZRESE K), TK iZRmEiE

(K), o iZ Stefan-BoltzmannE%k (= 4.903x 10°(MJ/K4/m?/d)) TH 5.
EWAS ER OO0 EIL, FEIZLTOXNTHRET 5.

Reo=(0.75+2x10°2) R, (2.31)

Rs=0.16 VTx — ThRa (2.32)

Ry = 24x 600 082% (wsing sino + CcoSg COSo Sinw) (2.33)
do 2n

q° 1+0.033 005(365[)) (2.34)

6 = 0.409 S|r(3—65D 1 39) (2.35)

w = arccog— tang tang) (2.36)

22T, RIFRR EOKTH A E (ATFH) (MI/m?/d), d & dO ek - KBS o HEEE L 2 0T
5, wiIkefA (rad), ¢ 1 ZEE (rad, s IZKEORE (rad, DIZ1A LBENLOHETHS.
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w
i

HEMtMXORKES - EEBETIL
L BAMRBKBERDETILEL

S N M
!

W X

3.1 [EL&IZ

ARETIE, BFEMKOREZEE LKER &, #ERKB#IXIZ 3T 280K, KRS, EoEo
KPEBRERE 2 RS THAKER Y « BEET V) ORFEFEZRT. ROT, KRS - BHET V2 EAE
TG LIERBOKERET VZRET 5. S OIT, KHEEMABREICRE L -ET V2B L TZ
OEMAMEZRFES D & & HIZ, RO KBRS K IR IS 2 2 B OV TERICEET 5.

ARE TR LG ROREHEAL dt TEARRIC AR L35, £, E7APORTOEEITRRH, 22/
DWRTTZFFONR, 3.2 1HLSTIEZ LD DRITIFFR L72RV,

3.2 HXKED - - BEEETILOHEE

TR IEER € 7 L D e G I TOARTETHRIET 2 HAKES - BBLE 7 LV OMKESR TH 5 kil L O
JEIR DK PERE X 2 Fig.3.1 7. [RKBOITKMAH 5 7Y v R/ T, AR TR 5 K
BHET /LY AEI THRIREL O TR R HHT 5. £72, BUKER2SH 527 Y v R Tolln
B OEBUKES, TRIIK HA~O KBy B2 KB ET S KV HEET S.

321 EPKtMMLDBREDHTESE

FrK g B 7 01E, BT AKHL O KR B IZIS U TR &2 IR E L, WEBKIEERET LV CHRE IS
B K ML A B & i &> B AT KO K ) Bk &2 B CHRET 2ET AL THL (I - HHO,
2011841,

[FET LTI, Bk AR Qin(t) (Mm3/dY) & LU FOFNEIC & 0 HET 2 BT ARMATE Qoult) (M3/dt)
ZHPARMO AN E A (3.D ITRAL, YHOX LEKE V() (M) 2HETS.

Vi (t) = Vi(t - 1) + Qiin(t) — Qrout(t) (3.1)

ZITC, UEEER, Vi(t- 1) 1T A o kE (M), HEET D BRI R Qout) (Mm3/db 1%, Rk
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" Diversion Weir

S &

. "fgrrigated Paddics Y& .
___________ ) A Ay

e

Water Alloi:ation e

*
Unsaturated Zone

Saturated Zone

Fig.3.1 KISy - BELEF A 2 M T 5 EH L EF A OMAR

Tl Qu(t) (m3/db), TiAMiE Qspin(t) (M3/db), MEFFFE Qu(t) (MP/d) ORFITH 5.
Qrout(t) = Qru(t) + Qspill(t) + Qe (t) (3-2)

3.21.1 FKHBGRE
R Quu(t) (M3/dt) 1%, HEREFR AR E Qi(t) (mi/dt), #ii A& Qqt) (md/dt), &
Mﬁ%QﬂoﬂﬁmDm%%ﬂéhé.uT,ﬂ*%ﬁ%%%%#é%%ﬁ%@%ﬁ%%ﬁﬁb

Qru(t) = Qi (t) + Qrd(t) + Qrp(t) (3-3)

ERRKBRE

H AR O /K MR X2 38 1 2 SRR K it 1, BUK &S H D A1 B RO FIE 3K E WVHIK A0
ZiuE, E LS D DR BTk & BUKHS 2B TR Y, Z O OWsmE fE 23 Bk th o i Ag
EHHE L TREWT &, W3V T IR E L R E S IIFRFCE 5 2 Lic Lo T
5. FOT®, FEMROREEIZEBUKM A ORI R Z B E L ZBUKZ iR T 27200 TH Y, "Il
DREFAM T HE Qur(t — 1) (M3/dD) &, MMM O VERUKEDXELZMRT 5. 22T, Qelt—1)
X, R O%R T8 D MR T DT OWE O E Qen(t — 1) & BF/KMAHTE & Qroult — 1) 75 k=i
LoRD 5.

Qrsf(t - 1) = Qcin(t - 1) - Qrout(t - 1) (3-4)

ZIT, MERUK R BUKRIE O MR AR Qu (MP/dD) &35< &, BEMEREATRE Qu(t) (mP/d 13,
Qur > Quer(t — 1) OIE, % (3.5) THES.

Qi (t) = Qwr — Qrsf(t - 1) (3-5)

725, Qur < Qref(t — 1) OEFIFIO B E D H THEUKN T/ HK DRI TH Y, ZOHAEITIE Qn(t) 1T
AT,
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#R T A KRR

=
H i K BOR BT R RN I 1T DRt KR L T 5.

e

REMAE

RBHFILIN A BT H ORI R Vit — 1) (md) 1IEC Tt 5 2 & & U, BAREKR
Quomax(ME/dt), HHHEANE & Bl AT 351 5 B AR DT # B A AR Vimax(M®) 53 (3.6) T
KRB, 72h, BIEANIZIT BHKE Vi) % 0 LT 5.

Vi(t-1)

Qrp(t) = Qrpmaxm

(3.6)

3.2.1.2 HKMRE
AL, X (3.7 1HRkDD.

Vr(t B 1) - Vrmax
dt

22T, QinM) X EFHZ Y v REANSOFHETAR Qun(m3/dt) & 95,

Qspil(t) = Qrin(t) + (3.7)

322 [REEEMRICEITSHAKEIBECETIVIE

RKBLSET T BUKMUSE TOBUKE Q (md/dt) & & i, BEMHIXNOKBGEKELHET HE
TNTHD. HELLEEBUKREIIRNG L 702 WEMHIX ) (3.2.2.1THiB3 2 HIETER) ATERST 5
2, T IVHOIER L ORHA OFEHBEE S I3MSr LTl o . EBARET L OKEAKFAET V) Tiks
Uy REACEMET HKEAFHAZHR > TWole®d, KE~OFERUKEEHEKEIZFE T 7Y v RTHA
THRETH-72. —FHORAKES - EEET AH T, BUKMUS CHRET 2 EBUKE Q &K D
KA E Qa (M3/dt) 1ZRALHSTAELD Z LITHEE L-V.

FEREHL X 0 F KBRS0 8RR 0 & 7 /ARIC B 7 B 3 F K RS A oM E I X I B3 2 7 — 2 L LT, AAOK
T8 (AAKEREDIZET, B8 2010.5.1307 25E M4 5. BAK LKL, 2Eo 3% KR b
OAriE, i, HE% L, THItR KO3RS H B X OALE - mig, WX L1 C ORI iR D
BRI ENBRE SN GIST = _X—ATHbH. LonlL, BERKRGROS - SIEHRE, Rz EH
XD i 2 B T 2 B N2, FKEL RO E T /D 72121, BIEDR L IEH#
MOLEUK LT K EE ST B AKRHSCEDOT VI Y XL EMBIER T I2HLERDH 5.

2 2 CIIAEEME X 35 D KBy 7 WD - O 1Z B e, FEFERKFIMER 6 L OV i B IX
Z 4 D ZE MG A O CEUKMiRR & 2 b 0% st 2 R T HKRMERAESE D HiEE, SHAKRKET
DEKEOHEE & XN O HAKBL Oife 2 T 7 ALY 2 IR E NGRS .

3221 KAEHRT—2R—RERAVRAKZRFEOHE

F9, AAKLEXENS, 100hall Eozigha A9 5 % 2EORTKER, Bk, SHE TaHRT
ML kR (fig%) 1, X0 100hall Loz iz A9 % APk 2% THESKRIES OKB) | &
T 2. 7 =2 X=X LOKa X AKRIR 2 R T RMEME S LT DKFIRKE) B2 6 TE
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D, [F—o KRR Z2HEOM#R 28RS 5 2 & T, WINCHRE T 5 BUkiis 25 &35 B0 KF
isHE s 7 v— 73 5.

WIZ, FARFIRERRE B O TR B BUK Sz K DELS 2 B F LT B 12018, KFIEHEEE & 20
ZaH A BRI 5. 272U, i S KR NE R B R % O 2SR 2R B E A R T DR T, OIS HIH
ZEAERC AT D BB A A L TR, 22T, R R X O 5 T E— O KRR S K
s 22T 2 b O LRE L, KFIMRREE S Tt B X OZ 38 O 2B R ER D )b lE 2 BRT 5.
ZOLE, TG BXROZAEMICEBOKMBZRRNSE ENTHEIIE, ZEMo 7Y v R ER L5
Db RE VKRR EE A 2 O AKEIR & L CBRIRT 5. ZOHIEIC L0 AKFIREEEE & BhEAHT Sz
ZWwMAERT Y v ReiEE, TV ETO [FERIX] LEFRTD.

3.2.2.2 HUKEDHE L RKESBEDETILE

F/KEE Sy « B HLE 7V C ORI ~ D EBUK & Q; (m3/dt) 1ZHIX PN O R K & Qg (M3/dt) diFnic
HOWTHEES 5. #EET 2 FEBUKRIE, EAET VHOKBKABET VERE, BUKTL57Y v Kt
JLTOWIFER Qen(M3/db) 35 K OEREHE % O sk 25 & Q (m3/dt) ZHIRER &+ 5. T72bH, Qenl
m3/dt), Qg (m3/dt), Qgu(m/d) & dAR/NEIE B (3.8 Ik EHETS.

Qi = min (ng, Qch, Qif) (3.8)

UK L7 K 2B 5y 3 2 EMEI XL, £ O ZEEENER DO 7 ) v ReEAMZEL DL, DD T
Uy FEALTEET DD EIITTOND.

AT T, XN OFIKSEEN B LT OFIAIL K> TED b EAKIEFIZHE S T, EBUKE Q
KBS T 5.

1) BUKHAS D OFEBENENT Y > REANGIEIZITY, TOHEBERRFE T 7Y v RVl
KEPTFEET D7V v KLV EELET 5.

2) BUKHLA 2O [RIEEEE CE A KB DFTE L2 WA, EEalEmns Uy ReEA»LEKE
79.

R OBESNAFFIZAIY , KEBEKENEEHKANZ FTHE>72 7Y » RECx U CREMHIIX IR T 5%
7V REANOKE~ORAMIEZITS. 7V v R ~OE5 EITHA K E Qgy(m3/db) 12351 T
PEL, ML AR Dy (mmy/dt), (T OBERK HERE Aa(M?), FERENE lo 2> bRk L vk
5.
_ quAir

1,000x lg
722, ZIZTIEHMEKANTORERNAEZZE LRWD, &7V v REA~OEL & Qg DFFIHHERE
WXOFERUKE Q A 2HGAENHDH. TOHEIZIE, BEKIEFNTAO 7Y v RE/~OBELKIZITH
720N,

7y REA~OES R Qg 1, A AR Qa(m3/d) ( = QqAr/1,000 &, KKK Qu
(Mm3/dt) (= Qgw—-Qa) IC=&ND (Fig32). KM ~HE SN D HKD S B, HREHBLIMARY
THKBEORNIT 1 AFRE CHARKICHRHT S 28 (eSS, 199954 76y, 26K HE KR Qu 1342
Uy RELOIGEIZEROBBARL LTHEXD. £z, &7V v REA~OES & Qgy DFFIAEE

Qgw (3.9)
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| Water Intake O, |

Allocated Water

to Grid-cell 0,

v v

Irrigation Supply || Water Loss
to Paddies O during Allocation Q.

A4

| Paddies |

| ET || Infiltration| | Surface Runoff|—)| River Flow|

Fig.3.2 HEREH XN C oD /K BC S i AR & B ~ D Jig H B 9 D BE %

KE Q & FlEl> 72356, TOZESITEKBERKE Qp & L THEHMX D27 Y v Re WS ICE S L,
FEEICE A ORI OETA R LT 5.

7, %EOHEBHX A O L HS>D 7Y v FEAWNTERT LMK T, EXET LV OKHAFHET
V) CIRIERIZ, TNEE Qch, HUKMERA & Qf, FLHKE Qgw i L T, ZTORkb/hSWVEDZ/KH
A KE Qu &7 5. Fiz, 7V vy NNV KBEREFEET 2500, E7 /0 ETHRUKTER OFE#H73
WIBEITIE, ERE Qop, MAKE Qgw Z I LT, /hEWHEKHEBEKE Qu &7 5.

3.3 MERMEOME
33.1 FEOMA - HE L KIR

xige e Uz BIITEiE, Bris R v s & VR B IR 3 2 it g 1, 140kn?, JIIZER 64km o
— RN To 5. Flhd HHFIFIL, IHARFEF 234 79% 7K BSOS 0O R ANK 17%, 52455 it
B 4% TH L. BN EIL (s 2,454m IZRE S0 E KRR 2 KIEICR D, RO, BIETI,
S, RENFEZ AR L CTHARMIZES (Figs3.3, 34). #iE =fEIc X vl I D EitEiEa
OHIFE D H L LTHD, Fiod BRI & &SN OHEREIERIC & 0 RS E/ED L, RO
AT I E 2 £ & T DB EHE A RE L TV 5.

F7o, BFEUIRGEE & LTI A ARMBRRMEICE L, FRBKEIE 3,000mmEzEz 5708, £oR XL
SNEADOIALTEDOFFHRUIC L Y 725 SN IBERETHS.

3.3.2 FERDKFIHEERERFEKFIA

BIIAKSR O RS @ SRR ICIE, <D 2N E RO & 5 KBS D0, /K H O HERE 513569
9,000halz K 5. RFE b0 L LTI OAFIUKY 2 BITHK (GEREHEFEA 2,000ha, HiTHK
([F#) 3,000ha 723% % (Fig.3.4). EVCHAIZEAIIA (L7 & Rtk M H 2 Hs <, I HKIZZ DK
3km Tt THUKMTHOI TV, THUSALE S D FILHAKDB KOO L > TH SEF R GERER K &
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0 5 10 15 20km
| ]
I 1

Sea of Japan Hokura River

Niigata Pref.

s Flow Gauge
e (Arishima)
Seki River Basin ! i
AT ——— i . }
Shozenji Dam A~ FEH 1
- Lif 1
Flow Gauge (Takada)— N ¢
Flow Gauge 3 '( =LS
(Futagojima) 4 H
. % O  Meteo. Obs. point
Sasagamine ¥ Elevati
Dam 9 = = evation (m)
| ] -500
¢ D 7 500 - 1,000
- ;S B 1,000 - 1,500
Yo" " Seki River Hll 1,500 - 2,000
Nojiri Lake Il 2000 -2,500

Fig.3.3 B)Ilifitson 77V » Re ol LK« [T — 2 SIS

9.8x 10Pm®) DEHMEAETH LWV HEITICEY, AFHEK > TO L TFHROR AR SR (FR,
19621581 HI7ETIL, o 1es 5 (ERIFAKE 9.2 x 10Pm3, Fig.3.6) 12k 0 BI)IIAI 0B K i F o s ik
ENZ STz, MAKIRAEE T (Figd.?7) (AN Sh, WAKEN CREBICHA SNtk z
HELTWD Z Enb, WBEE LEBUKBThh TS, ZAbofl, HATEE Lo FiicdH %)
SHY T CAERUKT 2R Tk GEMEAER 600ha, Ra)lloBukd 5 KM (R 1,600ha 73
FEARLOLLThHITFLNS (Figdd).

F7, E#EFX L (BORKE 4x 100me) OKIZ FREHEH~DOAE K & L TGS TN,

333 WDEQGAAT—ZDIELNE

SIATRRPEBRE 7V 2 3 2 W BN E E B R I A~ & 2 RR D BIRA v v =2 &
7o WA Y Y2 ORESIIRERE ST, HWEXI0DTHY, BAROFREBIZBONTILK 1km U5 OHE
BIAIYS 5. KA v 2 | IEEEBIEE RO 50m A v 3 2 EE» RO IEES A2 5 2, R
WE LS, BAKEREORBX T — % b Hia - 7.

7k, HREOZ ) v R OBE 2272 5 MHEEORBEIILZ Y v ReL 2 OFEERZ AT
AR O AAR T aZ T TR E 5 EEEA Lz, 72720, BEREEHOME & E O E 2 — RS
L7, BINBLORNEERT 53R 7Y v REALTIE, 2070 vy RE/LOWEOR Fm 4%
[ TEE A R oOmhEREIC LY 52 7.

Bk Ei, Fig33 IR RETT AL A, HEZ@EWIE, B SERHHIRu e ZokpE S st o
A — W SO BEKEOR T — 2 #INE L. £EZ Y v KEL X TORKE p(X) (mm/d) %
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Sea of Japan Z Hokura R.
JoveY
//‘:Cii \ \_\% Kenshoji DW
o N | - -~
W |
e - Uwae IC
= Vi = Nakae IC
=N j@ - - Ohbuke IC
A === Inarinakae IC
Flow Gauge / — Koyasu IC
)
(Takada) N DW: Diversion Weir
K DWW~ - IC: Irrigation Canal
0}'/asu ! AN R: River
Sekikawa DW - 7 \
Yashiro R. [ =T y\
= Bessho R, Kushiike R Tida R.
Ookuma R 0 5 10 km
1| SekiR. Itakura DW I I I

Fig.3.4 BEJII T ithilc F6 1 2 FEEKAIfiEx & Hhth B IX D5z 4D LR

Sea of Japan
Hokura River
% R
X Kenshoji D.W.
Flow Gauge \
(Takada) Y -
IR = |
S I NS N I \
o/ \
4
%9 = :‘" I - Koyasu D.W.
i A=l

=, 2 MPdeled ITrrigation Systems

! A Itakura
Sekikawa D.W. = HIERON Kenshoji
)i { T\ v Koyasu
™ \\ [ Sekikawa—__
Flow Gauge ~ D.W: Diversion Weir
) (Hutagojima) 5 10 km
" LI seki River Itakura D.W. I I I

Fig.3.5 B Ttz 3517 2 MEMEHI X & AR a5 e o> BAR
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Fig.3.7 g EE T

HeET D0, £, 77Uy R XOHEL)DOEBENFEWIEIC 3 >OBIRIS Z IR L, BRI (
i =1,2,3) OFEKE po(i) (mm/d) L REHIED A v 2K EE 20000k E pn@) (mm/d) O (i) 22X
(310 ITLVEHE L. A v v =% 20001% 1971~20004F DELHIT — & L AHEE - (R - 125 - AR
72 EOHIEIR T & OB 2 W TR SN2 KUBEE T, H Z L ICRUEEDZEZMpnfia R+ (K%
JrBLIE, 2003 145

r(i) = po(i)/ Pm(i) (3.10)
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wiZ, MR o r(i) ZEEENEE U (B.1D) XY 7 Y v L xICHHE L.

Sy w(i)r(i)
= _— 3.11
r() ;z?_lw(j) (3.11)
MD:MQW (3.12)

T, dx i) IEZ Y v R X OBELEBHE I OBEETHD. KBS, FEOZY v FEL X TED
NIz r(X) RS TO A v 2 2 K MEE 2000 DA R pn(X) Z23& T, BREAR p(X) Z#EE L. 72
B, Y7V v REAPNEREO 3RS ZTES LT 5 ZAFOMUCIET HHAITON TS, RO
FIEIC R DHEE LT, 612, MR CIIES - SNSRI RE SEET L7290, BUNEHEICKE
SWEFEE - BTV G ETHD) 2827V v FRUCHAAR, FE L7 PSR 2 B & ki
77Uy REA~NDODANEE LTEZ. £, TOMARHEHEICKLELRER (KU (Y, &&
w®IK), HEEGE, AR Z2IEL, &2V v RecltE 3 s ol s — % oz 5 % 7-.

fth )y, [EL22@E pTE ORI tkm B s, — RS (Fig3.3) oRitET —¥ 2 ATT5. b,
KD (1984 B o FikIc X #EE L 7= FARFEEE A4 FIV T 20024725 200745 £ T o HHLE TOH
WK 2B L, Fs~OAS L HARE UL 725 &5 BAKBROBEMIELZIT-> 7.

FIEEZ, 3 (2,160 TELN DA D OEARFEHEL, Ko (1984B1 o Fikic L AL —8T 5
K912, & R OARBEATE B O B R AE Simax Z 804K, MM, KHE O 24 600, 300, 150mm
LRELE. ZoLE, K LHFIHO Smax DX/NERIZ, B0 - HHS (200961 TR D&
EZL Lz

FKELSY « BT T L OBIFIRA~OM RIS 720, 5 2 3Tl 7 Tk a2 2T O KOt
S KA L, K/ 16 OBEREHIX 25 L7=. Fig.3.51c, #f, B, BEEFAEEE TaEA8L 35
3OOEHERFEMMX &, b Z T 2 KRR A R,

T2 W 4 0> & OFERE O B E IR B EE E T HLS O EREZ AWz, Fz, R L0RKFEEK
TERIEAE 7 1 2 WEEE (B, 19851 (2 £ v 3.28mP/s, #EFFiEIL OmP/s & L=, )7, ¥
W7 D OWERERCHRITE 5 1 2 1 LR U< FEICHATEE THAOBUKZ RS 5720Thbn b5, BTO
TN EOER G TIE LS OKEEICKH LT 2 N OMRFKERS TEX RO T, WAEETOT
Tl & % BV SEE THUS O KTFEITH L TR A1T9 2 & & L.

728, KHEAFLOERO R S ITHEEN S 30mm /KRB EITAKH B, B L o B EKIEOBLRE
(bpEE R B kR ST, 198482 L ks @4 222 Smnyd & L, oKD SmmIciiz 720
BAICIRZOWAKERTHRET 200 LT 5. Ak, WAHTIZKBE~OME & HAGHE Lo
FK R 120mmA i 2 - BpIc Bt S s & L, AHEHIRIZ 1000 & L.

34 MEREBEE
34.1 FAREZRAW=ETILOKREE

KBRSy « BT TV A& F23E U= BRI ER £ /L2 L W 19764E0 5 20074F % T H HAL TOEE
SR ATV, A EOKRBRASICIB O THREE L=, BEIIA & B s (RS 703kn?, Fig.3.3) o
A4 Fa 2o 70—H% Fig.3.8 (2”579, 2003~20074 OB RT3 2 5T E O M XRAZEIL 27.0%,
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Fig.3.9 FKEL 7 VO L3R EOZ (T 1B, 20064 5~9 1)

A 2 FiBEIT 7.2m0/s Tholz. BTOED AL Fur T 7 3AREO % (Fig.3.16~Fig.3.20) |
ZR

WIZ, WEEEE L5 4kmIE L FHUICAE LT\ 5 - EHs (iRkiEfE 397kn?, Fig.3.3) 1281
LB EZ AV, REHE THRICR T 2 KBUKEICxHT 2 MEE2 1T - 72, Fig.3.9 1%, 200645 A
1o 9 H FRAIOBRIEER JLOWBEHE LOBKEAZE LEGE L LRG0 FEARELZRT
(L OFIIAR TR Fig.3.21~Fig.3.26). BUKAZBIE Lo 72ihE, FEHFE XV bR E @RI
RHDITKL, BUKEBETHZ & THARENERRREICE O . WAHEE LOBUKEOERIFITAF
TE TRV, T b OREFITHKEL S ET VIS L HDBUKEHEE DY MEZ IR LTS Z &I
5.

342 BEKMEBERETILOHARAAIZEL DR IODE

X DOMAER SO ENE, #FL2EHERICI Y ZORAEIARINTWS. 277L, I
O OFERME TIERF KO KN L 2R LNz, T—X ORBEMEWEHEL, = Z TIEiFKkE0FHE
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Fig.3.10 i 4 6 &7 LHT/K B OFI R - F2HIEO i (2002~20034)

fill & FEHIME 2 e L7 (Fig.3.10).

JrK & OEREN AT TE 72 200243 L O 20034F2 81T 2 7 X L O KEOFEMEIX, 3 HTAH
B A4 AHREIZHT CTOREHAKICE VN LIRS, KSR IIERAOERMBE CHH 6 H LHET
RERBITA LA, BFFKEIE 7 A FAE TIRISIEMAMICHETZN T D, EiEEOHEMCE b7
W8 AIZKRELBAL, 9 DMK T & & HITHESOICEIET . 72720, FEMLS Ol K& TIEE
Bl & EREIC RN R SN D, 321 THRRIZLHIZ, 2 TOREBEHMEREILFHRITFRE &I2G U TR
ICEDTRELTCNDZ Enn, HEMELZED DT s ZEFRE BBk, 1985 %i2&M L C
IR DI BRI R, FIRE KNS % 7 UCHAADLER D D .

WU, WS 5L ZOREMRUR ORI G ME Ch 2 a8 E THURORRICER L, IKMERET L
DEFEHEER R Z 7T, 20054 4~10 AT D57 W2 A OFA R - i & O3 HM (Fig.3.11 LE)
BLO, IpkMERTT LV OEEC L ARAEYE THSOHRETEOZE L FREYE ToOK KR A &L T
3 (R TR . IrktiEMAE 7 AR EWGSOFERET, 7 A%H, 8 H TANH 9 H RAICHEW TR
KRR EE FEID 2 ENHDA, IKERTT VEACL Y, RSO CH R R K
KEL EIREN TN D Z ENRRTER, RAET/IC LY X ~OMBH RN EH TE 1D 2
ENRTED.

3.4.3 FXKESD - EEETILIZKZEMKBROHTE

FEREHB X N IT Y A F 4072 K S I N O K R TR > S 4, 2 O—3B23NI A~ O AT 2 Ja R im iz
%, WATHE LHHBUKT 2 MM K31 5 KEG OHEEM 2 F1ic LCORT. Fig.3.12 @ EEIZIX[AIE
TR X A~ DG BT d 5 FEK B IS L OBUKTERE 2> H I X A~ D UK &,  [FIXH B XX 07K H
WKER, & HIZTFEICITKEA~OHEMMEKEZ ZNENVHEMEEH Y OKEE L TERLTND.

WA EEE L6 BUK T 2B X Tl BOK &2 ZERMICEUK LT Y (Fig3.11), ZiuUiHiXSET
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Fig.3.11 1 » W L DN R » i B OFHRAE & K HER £ 7L O F 12 X 25 H0f B & LR o0 FHR
BoZ{k (20054F)

I 22mnyd I T 5 (Fig.3.12 EBY) . [RIFEREM DXIIBH KRS X, (RN | = 0.6) TH D72, [
XD FELKE 22mmicxt U THICES OK H~OREG K& 1E, R & R 2R 05R 12mmyd % R &
LCHERET 2 (MR, £z, KEEKED MK TRE L2 EFBAKA Ch 2 20mmiuitk (2 iR 7241
TW5 ([FXHEL).

fih 7, FERRFIZK FPEK RN E BOKAL 2 EEVIZZKHA~OREGKEITRA L, ZHisxis U TEKE R
KEDSHINT 5. £72, 8 A FAICIEEBUKBEO R LSBT & 72 50, ZHUIIUHEZE BsE L 72K H
7V REA~OFEMMENET VL ETEILENDTEDTHS.

3.4.4 |REBKEEREMN S DANILETEDEE

WBOKEERET V2R L, JRIROKHFEMHX OBUK « ot I OFH & OBFREZFTES 5. 22
T, {)INE T EITEMH X O ERUKE Q @ O bR & L TIE~FRAT 2 &, WJIIETE F L Q
WX 2WIETCEORIG L EFRT 5. 7ok, WINECRITEMEE CHOW LN ELE KHIREE
Wt D EOF N ~DOFHEORIE) L XA L THWD.

F9, HEEHX DK T D GRITHR) & BRI KA DA T DM (FEARLR) %85
L7z, Fig3A3 (AT Lo b AKEHE % 521 F 2B (DL FACE HIX) (23610 2 A3 K ONEcHl
RZRY. RE LA « Bos 2 vy, Rl t 2300 2 X ) & O H & Qnedt) %, EITHLA
B ORFUH B Qrer(t) & FEAMED S DFTEA R Qne(t) (HREHMN O DOFARE) OxEL LTHX (.19 7
LR L.

Qret(t) = Qret(t) — Qinr(t) (3.13)
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Fig.3.12 A & L b HUK S 2 HEEHLIXIC d61T 2 SR HUKTEBR 2 ik - 2 58 B OHEE

N

Qret(t) = Z Qen(i, 1) (3.14)
i=1
N;

Qinf(®) = ) Qeni, 1) (3.15)
i=1

2T Qen(i, ) X7V » Revi, B tICBT HHEE, Ny, NjiZZTh2rasmhstk, 7Sk
Ths.

FEREHLIK 7> & OMIFE & Qnet 1, T2 H OBUKIZAT 9 23, KH D ORI H 3 L ORI KK &
Qur ZET /N ETEIZT A RBNRSFETOHENORTZENTE S, Figl141X, ZOFFEIZEDY
R LTz @ F LRI 3B IR T B O TR~ DO EE £ L, Qe (TFRIFFOERE SROZEL LTEREN
% (T OEDORKEITAENGE Fig.3.27~Fig.3.32 ([C48#) . R A TOBHITE & Ol S, WIl~D
BOGMREORBUZ LY, RSO Z @S VIEE CHET 5 Z LR TE. 72720, Quet (TITHE
BKICER T 2K7Z0 T, BARICERTL2KLBEENTWDLZ LIZEETOILNENDD.

Z 2 TCWRIZ, HEEEHLIX ) & ORMGEH B Qpedt) I3 VDR - KD O b, FEMIZERT DR %
SEELTZ. BRI - FEREK OIRAES WL, BN ORI RS 2 & 572 5 E RN K - TR
2L, ZORBEIES T\, 207, WIETCROFEEHIM 2 E 2k (4H 258~9H 10R)
EL, BN - HEBKOIRE OB R EB 2 Fb L CRHMi L7z, 726, FEMFPIC X
PN SRR - FEEAKIE Ry 230 (3.16) THT &, Qnedt) TOHERIKEDLD Ry IZHHITH LD L

L.
Qi(t)
Rei = Z (—Qi P a(t)) (3.16)

TIT, Qi) (TREA IS DR IX D UK &, Paredt) IZHEREHLIX DK ETH D, KEIT,



B3 REUK ARSI O KRy - EELE T L O FEERIC K D BUKIER O E T 1k 27

f
O Return Pomt\\
® Inflow Point~.

= Main River
O~ _ _~— _ > —— Modeled Rivers
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Fig.3.14 WEREHIX 7> b O T RS RIS M IE 8 (MBS, 20064 5~9 H)

X (3.17 X 0P OWINELREAZREET H.
Qnet(t))
3.17
Z( 0 (3.17)
FROFEIZE Y, AKX TR L72F)IEEICREOFELE % Fig.3.15, Table3.1(Zxd. FJIELE
® 33FEFH (1976~20084FE) £ 69.6% & 72 -7, MJIETLROELLENCERTH L&, FEEHE T O
K ENER Do T2 19944E 125/ Ml (0.632, FEKERHRKE -7~ 19854E Ik KfE (0.769 &

7R o7z R 19944 T R Hh D BEK &S 246mm & i IZ A 7 <, EBUKEO 9 B BT HGE S
RPN IR T T ERWE S NIZKDZ S BERFERUZ L - Thbh, WINETRI NS RolbE X
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Fig.3.15 & i oo J115E e R D AEZE L,

bNs. —HOZWEICEL TE, #EREMEKED RRD 19854 THJINETCRA@mN S DD, [KE
PR Z < THIIBETLRI/ NS WELZ OGNS (121X 19984F). T, IR TRO G E MM &
REMEHIF AR L LT 272008, B ORI R RIEME AL S oo LHER TE 5.

3.5 /ME

ARETIE, KHEREEDS B L 72 Fthil 2 36 1 2 Bk oo 1t & O 2 & D BUK BEOHEE,  HEREHI X
WIZEIT 2 FKORL R 2 fAA S, FOKIEER 2 KRBT DT NV EME L. FONIRRITILITO
EolcELwons.

1) BEAFDRZEAKFRR T — % X — A0 b ML O Z2 [ s L Oakafoc 2 il U, JEokI§8R€7 1
OIEE & BUKfiag & B 5 & &Iz, BUK SN KA T DR st 7Y » R L
EERRT 2 FIEE TOFEELREE L.

2) JEBOK BRI O FIKEL Sy « BEIERE 2 KRBT 27 0T Y XLz KBy - HHEET L E LTH
L, WBKMERET NVOERE Y E L TEELL, BELZET LY, TROMLESE L
T KB B O HERE, )12 D HEEHL X A~ D BUK,  FIZKELSY, TE~ D& 0 &% O JRIBOK G R %
— KB D T ENTED.

3) HKELSy - EHET VA MR TETRBOKIEERE T VIC L D3RR RIE, BUK - EooR B4 <
2T D i B RIS BT, M ORI A KIS RE L. £, WBUKERET L TR
D REWEH X O K BRIEFR (K W HEE L7z, IR ICE D 33 GBI REREH XA~ D UK & (%6 L
TR THITH-T.
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Table 3.1 #of #1X 12351 2 HEREIR] O ek & - SEZRFEHCRE (mm) &)1 TR

Year Precipitation  Actual ET  River Return Ratio

1976 1038 511 0.705
1977 484 495 0.717
1978 618 533 0.676
1979 964 522 0.684
1980 796 517 0.695
1981 956 503 0.739
1982 483 503 0.684
1983 913 498 0.707
1984 586 484 0.760
1985 1148 467 0.769
1986 638 475 0.739
1987 446 498 0.681
1988 583 485 0.703
1989 608 524 0.674
1990 424 505 0.690
1991 719 500 0.694
1992 497 488 0.705
1993 899 484 0.698
1994 246 534 0.632
1995 937 509 0.707
1996 634 525 0.681
1997 785 505 0.710
1998 966 515 0.683
1999 598 514 0.687
2000 394 482 0.715
2001 704 506 0.698
2002 839 519 0.685
2003 698 525 0.669
2004 716 555 0.666
2005 691 540 0.680
2006 890 508 0.715
2007 744 529 0.674
2008 673 563 0.659

Average 706 510 0.696
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ARETIE, 7V y FELVE TOBEMERSE AR CHELT 5 ET LV EAMEL, HIETHELL
TRIBOKTEER 7 WKL ZIATe. W T DS - BT 7 /UWIRNE W - BB E B R LB RO &, &
W75 v s 2 LOWE - BRI EEZ ZNEHEE L, Kt (200D 5% off 5B IEIC RSO TS
BEHETD2HDOTHD. KRECTIIFRS, [E - BMEEEOBINT — & D30 72 MU C BUN Sk 28
LESOBBETH D /3T A—HF DIREG Z2, FREEGOHE Lo SMOEERNOHET 2 T IEZRET
L. B, MELEETNMCLVHFEINDE 7Y v RELORMEKY BR L OV EZ BHE & ik
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42 BRXITEDKHMEUEE - MEEEETILOBE
421 BNFEICEDMEBDOHT

Bl D =R X — Qn(W/m?) 1, BMERBORELY LR SE= 30X —% 0 LBHE, R
(4.1) TEsh5.

Qn=Ri+H+E+Qy+Q (4.1)
Ry = (1-)S*+ L' — eo(Ts + 27315)* (4.2)

22T, Ry EBRAHE, H, (B BEE, BEEEAE (&L LICHTBEICASMEEZE) (W/m?), St T
& AR R (W/m?), LY T ElAEE W/, a: BEREOTARE, e: BEREROHHR
(=097), o : AT 77 - RAYV~ &K (= 567x 108 (W/(MPKH)), Ts:%%éi%@@/mfﬁ (°C),
Qg : MK b OEEE (W/m?), Q: Ik HEEH (W/m?) THY, BFROEESKIRE LN E
LAKIREBRENDRINT S, £/, B IE, BERmEKEN 0°C THSRTOREN K TEDLNT
W5 & X ITIIRDEILDOEE (250x 108 (J/kg)), 0°C LA FOBHZII KD HEDEE (2.83% 10°(J/kg))
Ths.
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AT TV RS T O O S S S R OBU KR BN L 5720, TR LRDILHH
EH - BEGUE CKETREOADHEARESCHET I b OAFER) CRMEKOBHEMEIIBE L. £
D=, EBOBINET Q<0 (Q=R+H+E+Q) TH->Th, FHEER +Q > 0725 THICEE N
RAETHZ LIRS, 2T, MEBTMENSRETHRIED TRE -3°C L L, Q> 0> H PR
N -3°C LU LD, X (4.3 12XV HEEEM (mm/d) 25ET5 Ok, 2000 59

Q

X % 86,400 (Ta>0)

M = ) tow (4.3)
Q Ta+3 85400 (0>T,>-3)
Lt Pw

I,y lKORMEE (0.33x10°(J/KG)), pw lFTAKDEE (1.0x10°(kg/m®)), T.ixHEHRIE (°C)

Ths.

7ok, M EEEC LA HBEE My(mm/d) 1%, BAROELHZE 0.6~1.2mm (EF5, 1986140 7
AWM —ED My =10 & L7,

4211 #EEEBELEERRNSNEDHTE

Tl & EW R SY TR TP AR AR Sy 0 bHEET D, 2L, KBBEEMEWA IR O
& - ABUC L DENKEL 2D, MPROKEGEE, REAE - I L > TERHHO S G &%
ET5.

SR BHEO B FHE Sq(W/m?) 1, HEER (B BEER TR & KK ESKEmE O B4 H 5
& Sog(W/m?) 7o (4.4 [k vifET S (IS, 199902,

N
S, = (aN—O + b) Sog (N>0)
€ Soq (N=0)

(4.4)

Z 2T, NiZAREERE (h), NoldrIirf (h), a b, ciZAMEIOEETHY, AMeDAS THW L
HHRIRH B H A TIE, a=0.244 b=0511 c=0118Th % (s, 1991052,
KA EIROAEHE O B ¥ A 5 Sog(W/m?) 1338 (4.5), FIRIER No 13X (4.7) Ik vk 5.

Sod = loo (do) (H singsing + cosg coss sinH) (4.5)

H = cos! (- tang tans) (4.6)

ZIT, loolZKBEK (=1,365(W/m?), HIZEDOHLSEPETORA (rad, ¢ 13#&E (rad, 6

RO R (rad), d, do 1ZKF - HERR O BERE L 2 OFHETH 5.

2Ho

0.2618

Z 2T, Ho l3HEESTE (=001 (rad) ZBELIZHOHNLEPETORATHD.
WA, ARERIAZIET 2 AT E S %, PO AP 2K AR Sy &, KV D32 AR E fo (oxt

T OEEREOZHRE f OICXVHEET D, ZHRBENIKREO M~ bv &R OERS T F v

OWNFET (FE5, 199808, Mk iIX (4.8 THZ OND. ZHRMEFHET L7V v RELOBER

No = 4.7)
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Mt. Myoko

Reception Index Ratios
as of 1 Jan.

[ ]1-050

[ 1050-0.75
[ 0.75 - 1.00
B 1.00-1.25
Il 1.25-1.50
Il 1.50-1.75

Fig4.1 B)Iiiiic k13 2 1 A 1 B OZ RO 5T

N7 VX, S )y e ERLET L ETELGATFOT ) v REAEENS 4 >0 =M 2k
L, ZNENDO =ATEDOERNT P DOfi& Lz,
f =cosd cosg + sing sind+

tand(coss cosB sing — COSH COSB COSyP) (4.8)

ZIZT, MEARl00< 60 <n/2), #iEmmB(-n<B<m MHME O, KEFFMEZLEETS) Thb.
F7, folx8=0BTK (4.9 L5,

fo = cosé cose + sing sind (4.9)

Ubzx e, EEREAZET 2 FERNEE, X (410 &%,

St= i Sq (4.10)
fo
Fig.4.112, 1 H 1 A OO Rkt (f/fy) Otz rd. SRR O TR T 112V MVl
e, wEmlELommE#E T 1.2500 F, L& flE 075 F Lo TV Z EBRERTE .

¥, BEHNHOBERTOT AR a1, & (4.1 Tk (L, 19941001

- -0.12T,+0.76 (Ty> -1.0) (4.12)
0.88 (Ta< -1.0)
- —49T,+45 (T,<0.1) (4.13)
4.0 (Ta>0.1)

(Y
(Y
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4212 BEEFAVEREBRSFTIEZO#HER
Wtz L — eo(Ts+ 273157 (W/m?) 1%, A (200D 0% 25k L=t (4.14 1ckv H
W= N/No 22 6HEET 2. ZoRUIR+8 dbdEdsss), LR, EMoERHBHT —ZIcLviGohn, #
WS ERERESHOR L2 E0ET 5.
N

L' — eo(Ts + 27315) = 5301 - 1108 (4.14)
0

4213 GEH - BERMEEDHTE

AR L7z & 912, RETFVIZIBHIES MM OMSE 2S 5ld 2R OB HEZ BN E 75720, BE
JEPDRDOIDHEH - BEHE COKETROADHBRESCHES D OZARFIEE) ol /K O s
FEE LRV, T2bb, EABRBIMERAERE Ts=0°C ORED T T, HFEHXIR 0°C UL O
DHFETDHLDOETH, F72, BEESIIKELKOMERB~OERHIC L5 TiE OBExEO L% BE
L, BEHKIE 7°CULET, OBRMAICRETLIHDLET 5.

FEEBEm~OHEBEEE H (W/m?), BEW@XEE (E (W/m?) 1, ~rzX (415, (4160 TES
n5.

H = cppChU (Ta—To) (4.15)
tE = 1pCeU(q - qs) (4.16)

ZIT, Cop FEROEEAERE (LEUE, 20°C TL121x 10°)/(Km®)), Cp, Ce lFBAZL - BN D
L AREL, qiEHiE (hPa, gs IFFEEREOLIE (hPa, U ZAFEH@AE (m/s) Tho. £/, 22T
X E3EEE (mm) 2RT.

2L, K[EBHEDAND 7Y » REMZEBIT 5 HIEHEE U OHES, %0 HANELOFMILA
HThD., T, ki (200005 oFEIcESHTR (415, (416 FICEEND A EHEEU L2
DHNEAL, BEOASVILRE Ch, Ce ZEfE LT/ T A —% kg(mm/(Kd)) # (4.17) LE<.
CopChU

L Pw

ket = x 86,400 (4.17)

EEE O SV REIE, & B L5~3x 1078 ofIcitE 5 (g, 1994051 = L7ne, Cy=Ce &
T5. £77, i q %, kZEX/E e (hPa, Em»HRO-EESIE p (hPa /MW T q= 0.622/p
CEWT D, DI, WEMEEILHEHKE 7°CLLET, 2o HEOARRRE T HZ E0n, KEKE
e (hPa X H FEHKURICH T 2 faFfkZAKE, SR OKELEIZRIR 0 °C %4 2 fafik A KTE
(& = 6.11hPa L3 %.

422 FHEEBRZRAVIEER - BREE/ NS A - OERMIMOHEE

INT A= Ke) ODHETEIZ LIRS B DORRINT — Z TR HEMIC S BOHE LR, Ky (35
FHROBHZ1T > TV L XEBRA AT TR, BHIEHEOHTZ AN 8T 2 L0 ITHET D UK,
200D 190 {7, REGHEBIMS LIS TD kg OHEEIEICIE, MR D OWRE, B, @R Fn, s
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DOHIFEIN T2 IS, ke & HIIZES L LIZEEURSHT A H 528 Ok, 20029, SHBAZ5 0 IR 1
IR L IC R AR, HEEICH WD HIEIR T & kg OBRIZSLT LA TIZ ARV, 2072, /8T A —
X OHEEIITIRIEN O OBBIT — 4 2082 L, £z, &2k &= Rl Rtatk 2 o Fik 2w A
TEXRNWZ E0D, BT — 2B TROBEIITD R WERT — % THES X2 21570, EEEICHE
JIFEIRN CRESFIRT — & D5 D72 oo AMeDAS 81l 3 i DA T kg #HEE L, JIkOMESE - @hs
HEEITo L 25, FRCILRH RS K Y BOFEM L BEEOENKRE S RoTe

T, KOPHNRFEICK DRI A= ORI GME2ET 5720, 22 TIIEEmE SR L
SEREAOVTAEE S DT A — & kg OHEEFIEICOW TR 5. £, #ik L7 2006 20074
» MODIS Olifg b E#EFEA D7) v ReLZHHL, BgOREAZE07 ) v FEALTOBEEA
LA, RIS, WEEGNSEONZMED @HWSEE) TSI THELEZMEER GHRES
H) OZEOMEHELZ BB E L, NI A—FEREICIVEHE - BIHIOHEZEARN -T2 L 20 kg &
BRT L. HHEOMERNE, EUESICBISHETEROERE (BATKES, 199008 (26w, BEHN
30 BLL Bl L7 DB & 5. Fize kg OYRRITITRIKA ST A — & O HEERED —>ThH 5
SCE-UA#: (Duan et al, 199212 z fjvy, ELEORE A2 2 T 10 M OFE 21T - 75 B 0 FHIE % 24 7%
7Yy REMCEIT D kg OHEEE L 5. &I, T 3 A CHEE Shuie ke O & W BEEEIN T 1: 12
LORNIEL, EEDZY v FEMCET D kg DIEE1E.

4.3 XWERRBICHITHIEZERKEDEHH
431 BEIFEEOBE

BB, EEFRICAET 2 B)IEIE, & 2,400moRE L 2 FIC 0 E 1L % JRT 2 A (RKE
64km) (2, &) (7 54km) Z 0% 7= Feislkifg 1, 140kn? 70572 20 Th 5 (Figd.2). it ki
DA 72 | LIS & & SRS T 7 5 7 24K A A U, LR A AR R 2 235 79% & i T
HHH, TGV, SEECOFEIC LB W 15 D% KR & T D HERKEASEA Y, AR
17% EHISEOHHEHIAK 4% % 5D 5.

BE N [ o> & 13 B ASHETRL &G M3 L2 R L, 3,000mmiEB DA e K B D 35 1 2 4y A D b AL 1E 0 R i Jal T
EVbLELENABRERETHY, BEERTEZER Y, LEIC 1L.5~3.0mOBEENH 5. mHORKK
HEEIE, 19274E1C 372cm 1945 ICIX2EO RS T B OBERKIETH 5 377Tecmaitdk L=, %7z,
1984~1986 4|7 IFFE B (AR EEITZ 2 292cm 298cm 324cm 73 3 4ERFEV 7=, —F T,
TN OEHRREE FriElk L) OFFHRIEN 131°C, FRIAFEOFHRIRITN 2°C LBEED
PRFUREEICIE S, HRORS M TR bIRE A KO —> L LTmbN 5.

20064F (2384 Lz R 184FE5EE ] T, MBS LB L T\ 5 2E 339480 5 5 23 M T E
TOMEORKLEDFEH SN (&F, 2000062 L oo, —ibx, 3 20074132 E I FTEA R LS4
Elpolo. WELZHKT 5 &, 20064F 0B OFBCEHIRESE K Y EO R KMEIX 2007480 35 TH Y (5
5, 200708, gk s o 2 fEfE (A%, 200989 LHE L TEOEHNRRET NI L LM THD.



HA4E BHESHEICE T S - ST T L OME L IREBUKERT T L ~O/E

N
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| .
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nal
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Fig.4.2 Bt oM & BTk 24 B oD s HMBLIN . D
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Figd3MERR ) —% 77 —IZ L HEEHE
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432 ZFRKEICEHTLIEHMDINE

4321 BEEOLESMOETE

HE - WSRO MG, EEBEERIEERS A » V2 RRD 3IRA v v 2 B HARHRNLL LT
WEL. FA Y2 3REZE A5, EEEI0MTHY, AAROHIIITIWCTILK Lkm P4 J7 O fElk
CHYT S, Zhick v, BIREITARE 1,283 A v v = o yEl &5, iz 200245 2007
e L, FRMEORKE, <R, JE#H, ARRFHOSKEERLHRATIEL, DUTOFECZLVES
Uy FELOMEEHEE L.

FENTHALE L7227 ) v RE/L 0 BREEKEOZER A OHEEIZIE, BHIBREKELE A v a2 K EMHE 2000
(RETBURE, 200315 Z vz, A v ¥ = KfEfE 200001, 1971~20004E > 30 4= M O BRI Z A 2
CIZHERL, BIRA Yy Vv a THELLE LD TH LS. IUE LML, AMeDAS, K& HE, [E Iz @A T
ERIOAHIM (12~5 A) OB ER oK st o & — (i les, e 1,310m oFf
1044 (Fig.d2) ThH5.

EEZ7 VU > M X TORKE p(x) (mm/d) ZH#HET 572012, £9, 77Uy FEALXOELNLOD
FRBENEWIIRIZ 3 OB R 2RI L, BT (i=1,2,3) OFKE po(i) (mm/d) EFRIHEDA Y v =
LAl 2000 DK KB pm(i) (mm/d) ok r(i) 255 L7z,

r(i) = Po(i)/ pm(i) (4.18)

wiZ, MR O r(i) ZEEENEE N (4.19) 12XV 7Y v FieL xR L.

3 w(i)r(i)
= E —_— 4.19
"™ = 2 w(j) (449
w(i) = —d(x%i)z (4.20)

ZIZTC, dx)IEZY y FRLXOBELEBHEA OBEBETHD. KB, BONRRr(X) EA YT Ak
M 2000 DFEKE pm(X) R U T, 7V v R/ XxOHETEARBAKE p(X) & L-. 28, Y%7V v R
BAREHEO IBRPREZTER T2 ZAFOIMINILET LHEICONTY, [FERROHMMIEIC LD HEE
L7-.

%70y NE/LTORNEEBSOHRNITH EXIRICEVITY. 2oHEIXEHISE 1725 10
FEROREKIERE L KIR E OBIRICHE S X, 22°C TN EBZOHFIEMSRE%Z 50% & L, %ﬁﬁﬁﬁm‘%%é’a
IZZE{d % 0.5~4.0°C ORIRME Z 7% 7= (4, 19900Y. F7-, muc X 2MFomfiiEsf&iy, K
(4.2) THOLALBESOMHIEE CR (B KE EEREOREKE) (2L 0 MELE.

1
1+muU

ZZCU IR EEE (m/s), miZflgsZ & off%k (s/m) T, AMeDAS DiEKXFEKER (RT-3) (1
I m=0346 %M L= (s, 2003194,

ZOMMEE L T2 HRRERL, FF SMAOBH S CHE LN EL VN EEIC I VR L. 272
L, [iRIIEZ7 ) v ReELOEEIC L H25IEHE (= 0.65°C/100m &8 L TR LZ.

(4.21)
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2,500

& O lkenodaira
® Y <& Myoko
/s x liyama
6 ¢ yem
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Ty T T 111111
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©©%
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x \
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o
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1,000

Snow Water Equivalent (mm)

a1
o
o lo\l\l

1 1 1 1 1 1 | 1 1 1 1 1 1
500 1,000 1,500
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Fig.4.4 73&E| L7 ik 2 & OFEE /K Y EOmEMM (20064 2 H)

4322 BEKLEFRNT—2ORE

HE - ST T VORI, BTN 31 1T (Figd.2) OREEAY BRI (EHEEILERZEE
VA=NEHD BLOBENARNEBHBEO BiRET — 2 2 Wiz, EEKYEOBIAE, RELPEL
TR RROEREELZ TS5, HBOMEMEMEARERTLRE L, SBMHLS CIImME 2 ) —
T T KO EEGRE, EEEEY 3BEHIL, oV E o7 (Figdl3. 4 1H, 2H, 3ATF
AATbND EHRBHT —% 095 b, &0 20064F, EHD 20074, WiH O CEHHRHS
B0 2003 F G4 & LTz,

ZIT, MIMNOBERSE N ORISR 512, Figd2 o 4 (S, wbE, o, ful) Th
ZHUZHOWT, 20064F 2 H OIEGEICKTT 2B KLY EO oM A2 R~T (Figdd). EEICHT HEEKYE
O¥EME (mm/m) 1%, toFHE L 0.159 (BHENE & a7z 9 REHlIZ I 1T 278 0.326, #LHiH X
0.527 (]71 0.635, M 1.585 ([7] 0.902, $iykihitiL 2.265 (I7 1.618 TH Y, BN TE
HFIZ K> TEDEPRES BRDZ LN 5.

4323 FEEZGLILDERDHL

E L BOMBNCH N LB RRIN AT SR MODIS (MODerate resolution Imaging Spectroradiome-
ten MV, BEEIHOEERMR (S 2T 5. MODIS OZERIfREEITRERIC LD B 505, fEHr
WS (1.230~1.25Qum, 1.628~1.652um) TIE 500mThH 5 (v A7 LE%2 2007156,

MODIS D7 =27 =014 7 b, JREMEERICENDRLS, SHICERDILFERICZ A5 5 E
EHOmEZ, LFO®mY G5 13BoRIR L7z, 20064£13 64 3H7H, [F24R8, 474 7H, [F28H,
S5HA4H, F21H), 20074L 74 (3H 21H, [A23H, 47 12H, [[129H, 54 14H, [F21H,
M29H) THDH. ZH6DOEEND, MENHR TS DINEREZ AT —% & L THEMDO A7
MVRREZIERE U, BIEYEIC LV B 21T > TRSE A2 L.
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44 #HREEE
4.41 SEEN - BEEZ/NS A —FOERSHOHEREER

15f - .
~ T8
5 [ S
3 i S
€ I P
é 10 L I
® g:
>
© [
> o= [}
e
T 5| s &
IS ----Maximum|
% 6---Average
w 4 ---Minimum
o Excluded
0 B I R T R
2,000

Elevation (m)

Fig.4.5 BEmEICHT 5 ke O K + oM (FALEBRA L 727 — )

Figd5iz, EmICxT D kg DA &, ENF L0EIOERIZE > TH LT kg DR KIE, H/IMEZ
Tﬁ‘%wﬁmﬁ®%®k% 1% 0.1~0.2INIZINE 528 (R, —HOHEERRITT OWEA 572
JELIEL ootz (FIKER).

70wy RENZEORGE Ky OEORBICHAT 25HE EOWEE RIL, ESEAZT 58 - B,
T, HEOEBBEORIC L VHESh DL, ZFHO 9 bIEIN R L OMBC X 5 Bdi 2T
%*#@ﬁf&ié ZDI, ME—DRHART A =X Th % kg &ZDFcHE L Y K& < FHuE d%ﬁ
DHEZRITRLS, /NS FTTES 2D, MEE BICAMNEROEZRE T2 M. 22
T, AvyallonRg XA RFHERE, BT X —4 kg Off, f HOE%E o727 T 7
OS&m) [V s L, ISEmOERILSOTHL ZENTFHITE D, 2720, BRSO EEIHE
LD DBEADEITELICR>TEY, — MO TIIFEELTEICLY kg DEEZ—BEICROD Z &
WREETH 7= 6 D LHEZE L TN 5.

kst DHEEMEDE < 72 o T2 JRINIE, RIKORMEZEO KERY & M - MBS X 2SR S, BEEN - BE
DREE~DTFGNNEL, kg DB ESETHHEEEPEL LW EEX NG, o, it
B - WA E B OB Kl S €T L TEB L CORWEE EEo A TRPEEE) Ik 2@mE0R
b, BEEOBE/NFEMS, EFT NV ELLBEE - BHRANT A —FOHEELZ R THHERERE L THIT DL
no.

I T, kg OHEMBORKER/NOZEN LU EOLD (HE R BASE LT 313HED 5 5 42 #ix)
1%, PR L7ERROEENRENWEE X T L7Z (Figd5 @ Excluded. Z OB Z{T 7212, WilE
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Estimated kg Values
[ 1-10 MM50-60
[110-20 M 60-7.0
[20-30070-80
M30-40MM80-9.0
Ms0-50090-

Flg461ﬁIE B OREERI HHEE STz kg DZEM N (A<KHENTWD 7Y v R ADHEEBIE 5

BENEIEIC X » THEE L7z kg DZEMIDAi % Figd6 o7, RXFCTCASEENTND 7Y v REiT
ke ZHEE L= A v 2 Thb.

HAHER O IEHIZ 5 THERE L2 ke 13 LRI T, @l (B 12m) TH 2 51T % SCHkE ke =
Ok, 200009 L13iIE—8T 5. £/, EENELRDIZONT Ky 1TRE <Y, wEiliuE (1:?
2,445m JED O, FEEAHE T kg OEITI L 72 1010 E TET D, B kg BRE < e o 7= HHHE, 1L
HCEATEL, POKIRS R LT VEAEAE TH Y, BHEWESTERIITON - E T 5 & HE5
TE5.

442 TEEKIEOFRAELHEEDOLE

BRET — & & LTt o 3L TR L 7T RS B2 vy, Figd.2 THEILT. 4 #iX 2 & 8L
it & B 2 el L 7.

TE i X

F7, FHRHXNORBIRIHAIZIKIT 22 TOMEARYEBNIE - SHHEELZ ey 5L, ZhbiX

[FIfEARR 2t PRl & U CLRIEHHIC oM L, BEKRYEOBH - FHHEMOEIL 2 SE2FRE, 200mmEiNIC
WFE -7 (Figd7). ZORIBAKYEOHEMZE 200mmiE, @S KRB oK KBS &5 30~50mm CRls
AEUCHR T2 &, BAPD LEBICHSYT28ETHDH. bk, 71y RELVANOMEBES N RY)
—ThHdI LR, NI A—XHEICHW-FEEGOZEHREE (500m %KM LIZ#EETHY, T
#HPANICH D EEZOND. FHMIXOBEKY BFHEMEIT 4 X OFT TR EWVRKE TH 525, 2
[ H X NI S D K EBLRLE S0/ L TWD Z LTz, Z OMiE X mEME CREmMEL<, 72
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Fig.4.7 S X2 35 1) DS K 4 B OBLE & FHRAR O i

ZoHmThHY, HIBIZ KRN REEDREN/ NS hoTelcb LEZLND. 7ok, SHHMX AN O8]
A OFEE - EE IR 2 AKE e (Fig.4.21~Fig.4.33) 127

AT X

WA, BEEAAR S @O SEHIKIZ B 2 S K S BB - FHHE4 Fig4.8, Figd9ird. 7
B, o FEHIK N A S O RN RS R i AR E Ak (Fig.4.16~Fig.4.20) (77

Fig.4.8 IZHd FHIX N OFEF A Y & OB « FHRMEZ 7 0y M35, SiX &[RRI [RE 4 5 Fr
il LT LTV AR, ZOIEL DX TSEMIX L 0 oek& <, BUIME & FHEE O 200mmiiA
DHDOITRBRIED 76% &g o72. 72721, MOFEEHS (s 1,540m Figd.2) OfFFRICALND &
BY, BESEL KL T3 HARE TORMMEREIX 100mmEE LSV (Figd9). Toih, ME
KRYEFHFEMEOITHOEL, MBEET A TEHR ECREEOHEREICLID EHETED. £, £O
JRR & LTI AKREOBIRIEA DN LTz, EErEm<, BRRWI LIZK2BBEOREHFE - X
THVORENRET NG,

ﬂ

b Hh X

b X & RIRRICAE T K S B O 28UE (Figd.10) B X OBRR A (& 870m Fig.4.2) OfEEK
WE, RINEEEORRIIZRT (Figdll). fb@thX & MmX & RS, 2 COBURIHLS OISR %
AN (Fig.4.34~Fig.4.39) (2”7,

IR 1 X OFE T 7K Y B R BUANE I L R TR0/ Nl S A BMIC H 0, Z 02 200mmELNIZIYL
FolT —HITRED 64% I L EE o7, ERICKTHEERYEOHMEIL, RETALTIEA YV a
ﬁ%@:iofﬁzt#,%VVJ%&ﬁﬁwﬁM¢io3mT BUHIMEIC X > TR D725 0.902
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D) OEH R A~ O A ENLE A OBKENU T ThH D & T ITLEIFREA LRy (Fl 21X Fig5.6
@). 7ok, FHEENLERAROBAKEESLLT ThH > THENHIZNAKIRE A4 U 5 FREMEN &
L5 (A (b)), T TIHEEERELLWEDERETS.
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6.1 [XL&IZ

AFETIE, HHAE - BHERW R 2B OME 726 OKGRERE 2RI T 2ET VAT 5 &
EHIT, BHE - BHEBEEKHE S LBl @l 2. f T, Bl L7eE T W K il oEEL
PEIZOWTHET 2 & & b, LRI OFEOKIEER & i T & 5K H OFHLIRRE & OFH A BILR 2 7F
i 5.

6.2 FHERFEIDRETE & KCER
621 HERHRMBOHRE

PR G O SR 1T, BB IR BB (R SRSESRERZCENT, )RR, KERT, o) i@ L
(Fig.6.1), 7% M FEF, dbz k& B, A+ AT, B2 BEELIRIC XL > TXY 5% ik
T, {#E 200~600m D EEE 2. RGN EEOHE T & LCRE, WEREABNLR0, i,
B, BLOKIE, KIURRE % T, EOEE SAABRES AT 5 OB AT s 2 7 2
Jr—7, 198910 F7-, WEIREBIIEAEICBW TR BIALS, TR T LU MBMERIHIME 0 Hid CH
BEDOKZVHIE Y 1232 <, WIHSSEESED L THMLTWD (N, 1973149

SR E DK TIZ 5 A FAICHIEZ M Thi, 74 Fans 8 Ao iz, 9 AP
ANCILHERAT 5 . KB OBERESRIT, ERoBIE 72 5Tk L7 K & Tk HIC Bl L Ca3 2 5T
b5, =120, ERORAKIELOBMEKEZKBICHET 5 2 LIC L VRSN, ZOFREDHKE
T 5720, IR, BEREONOY L BiEZTHED 5 BTbB L ORNE KAE EIFTRE) B
Thnsd (B3rh, 199462,

[ it 0> 7K FIEERE L SP-H 0) 2 IS FE RS, 2 0 SIEH A5 40~50cmFEEETh v, 7K H i <O
BEDRBE AN E ARAK I BRENT=8, 25~30cmOiAR Rz biuE 1 7 A < bV oEkET KIS THiitz 5 =
LINTED (1A, 197404, S ook RETHH/AITIE, FROAKHENSFEE RiOKHE~EK LT
RES%EMO 2 bbb, E12, AKEER HTARICKE KET DD, KbKELEE T Y
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Fig.6.1 HUSFy i it X DML & 3BR i DAL B

DFKHER DT 01T LT, R I HEICD ClEE Y, %k 5 Lo KEERET .
7, WP IR 720 IS SRAET B8, BB A 2 BB 5 T2, 24U 0 BARIC 1k
WIDKE DR L S ICFRS TS,

6.2.2 HMERECETESLD oHHEBRTEBDEE

TR - EEMRDLN R 72 DB OB, DTTOGEIC L TEE L. £, RS ERICE
WK IKn? ORI RS A R 14 /NI A R L, 19894F & 20024E0fifi2e 51 o ARIC L 5 lk$s
FOPEEI &0 ek o R Gk - KH), KEOFHREE BHE - BHERE) BXOoZnZhom
BEEM~ (Fig6.7). 723, o OB O ML RAMKFER AL EUR O AR R AR L7z
(AbPe B R A R PRRR, 2000 B3, fihiH S =ik 5 6, HHEKR, #HEREEAKR, Fkzhn
TNOEBRPRR L 2D b OBt s L GEEL, DT ehTh a2 HER i (Fig.6.7 Otk
7 D), BEFERT (R OFEE S 6), At (RXOEES 14 s LIS, #EShh
RO E 2GRl U, BRSO fihiGE C 4 Table 6.1 (27

BHERIR I (Fig.6.8) 1%, Wik 1.02kn?, i OAFLIE 1/5~1/10 TH 5. Filkod 36% 73K H T
HY, KR LREORE AR ORI IZHHEARBASER L TWD . A GEOE: & B ) b BHEREER L Z
HHILIZ L 25, —EMt~ DI 2 b I HHERERIZ 2 S Rino 7o, ETe, Bk 5 KL
IR S 2 ORPUSE TR0 o 7. BSER PR OM HIE, 1 JE L O /N 72 72 il A i B KR & L
THWDRAKH &, B S 72 FIKEEIC K0 WS 0~ b DK EEG 2 5210 2K I KB S5 28, Bk
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Fig.6.2 BHERIGTR OBT (HHESD)

Fig.6.3 BHER i DR (KR & 1R)

G & LT HitiskN O K FUIFOKICA Y L, it s b o fUK G 3T b ian

TR R T A 0.6 1kn?, A O PEIAEITK 1/7 T, BHERIFHR & it 5 & oA BN AT
% (Fig.6.9). F7z, R TIEIHHERIEOETRHML S, FOK 4 F 2 5D TWKED S 5, #f
PR BN L3RR & BB AHE D —ERICOARFIEL, BHEKBOEEERIT 8.2% L 72> T\ 5.

Fig.6.10 (2R I FRARFE IS T i A 20 0.47knt & Ak oD 2 Jitl & bl L <o/ h &<, SE AT 1/5
RETHD. £z, WO FREIC—EHKER D 505, ZALSORBOKETITHEKTH LS. 723,
SRR L8 D IR O MRBLIIAARERK) B0 FE DO NTHR TR TH Y, BRI 0 (LA Ol A= R0k s 72
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Fig.6.5 Mg fittdel = 5 1 2 WERE O g & Bk DAk

EOZERIT/NI W,

BRIk O RN O AENE 17 FRE T, Rk A FEROFH T — & 5 5 1145 FRER I O Pk B R R
(TR ZEZN A LR\, £, HIFICRE LIKOREI L BELROxS L5720, SAaEHETET v
»—->Td % TOPMODEL (Beven and Kirkby 197961 o 451E12 X » T Hihaii oo H £k 2 548 L
THD. WEE (=In(a/tanB)) X, 7V v ReELORHEOAR B &% 2 COEKEMEalZ L ER
i, I X D8k EDOER M A HET 572D DEEE LTHWLATWD . 7k, HEHEE
OFET LT Y X 2I2iF Quinn et al. (199D P8 o k& iz, & b= HHEKE « FEER ik o Hiy
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Fig.6.6 HEEALRB OB T (A HE %)
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Table 6.1 &Br ik > HHF A iERE (km?) & 2 O pilkim o x4 % sk

Cultivated Abandoned  Forest
Catchment Area  1.02 0.61 0.47
Paddy Field 0.37(36.3) 0.24(39.3) 0.02(4.2)
Cultivated 0.30(29.4) 0.05(8.2) 0.02 (4.2)
Abandoned 0.07 (6.9) 0.19(31.1) 0.00(0.0)
Forest 0.65(63.7) 0.37(60.6) 0.45(95.7)

Abbreviations:
Cultivated: Cultivated Paddy-dominant Watershed,
Abandoned: Abandoned Paddy-dominant Watershed,
Forest: Forest Watershed
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Fig.6.10 Febkifcik oo 2

FEEOMRHE S i 2~ T (Fig.6.11) . W aRBRitik O i O S AR IXIZIER Uk A L TR Y,
AT & > TA U 2 fafiis i B O 2 M SHIc BT 2 =T/ E V.

6.2.3 KXBRE LV T—2BITHE

6.2.3.1 HERRBIZEH T HKEA

ARERITRI O RIRIZ BT 100 FESHNE 1R KM OBRRIME 28U L, Bl &8 L v
PER U 7o KA — i R A F O Clie IS 254 U 7. ORI,  ARARIRI CI% 200745 6 A 76, HHER
Pk CIEIRAE 8 H 2 HINIAKA. OB A B4a L, 3 k& & 20094 11 A £ CTRIHI 21T - 7.

TN O M I, MEER i X OWEHER Fitik © 0.5mmiEf ~ 2 N EFHC L Y 10 [ TBIRIL,
ARG O EIIEF O BB R R T& Rl Sz LN EAEH Uiz, 7ok, ESHIMPIX
B SFICHE 5720, BHE - HOEKH BB R E L2 N EFHIE L, BAKEITEFEOT A
B ARG DT — 5 CHfise LT-.

6.2.3.2 E—VRHFRBOEH

SERFRICEE T EE N B ORI T 28T 21T 5 72918, BRI A HIER C, JiH e — 27 23BIRICELN
DN EGR A RRIT, DUFOFEIC L0 PoKEGERR T, & ©— 27 MR f, OFEETS (AR - &
B, 19761431,

£, BlENIZAA FaZ T 7p ook BIERMZ2H#ET 5. 22 TikE— 27 HENME L5 HA
L, ZORZ LR CRERMEN G OGN DKL Z A = N7 T 7 bEiAY, 2O Z oK BERER &
T 5. RIC, E—7 R fy (OKBEERR N ORI R RRE (S5t 5 AR RsRE o) 2 (6.1)
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Fig.6.11 SR Fthaii o0 MU HE R O R T B3R O He:

k0 HEET S,
f, = Re/R (6.1)

ZZC, R (mmyh) (3K BERERN O TR RE Ch 0 BRERT — 4 bR 5. FRFEHRRE
Re (mmyh) 3v—7jici Qy (m¥/s), Vithkmfk A (km?) MV (6.2 »MBHEHT 5.

36xQp

o (6.2)

6.2.3.3 EERHEOIEE

B E D 5 BLREIITHICH 59 2 B A 2R T 5720, LITOFEIC X Bt &a e L
7o, XN DI To A R a7 T 7 UG O B A RS TIRZI £ Cilfifdi L Cit & DL H B2 Y
BERED, ZO#5r0 EICHY T 2 &4 EERIbE L 325 (Fig612). =721, mtE/ NS < 2o
BERASARRICBLN IR WIGAITIE, WREDSLS ERNVEGONA Ru 7T 7 2 KBS 2 I LY
HERHEEZRHT 5.

AR TIE, WRHE—27 & Z OB ARICRNA D ERNTEH A N> Mag Fr 77 700 B CHi
L, FEHON S BN 0 0 BIERKE T CORMRELZ —~WREE 5. £/, FikomHRE 2 £ 51
THREE L C—WlHEICH T 2 EERHEOEA 2 EERIEE, —WHED > HESERH Les o 7ok
AR R L EXRTD.
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6.3 KEAEEDEWIER LERHFEDLER
6.3.1 EERHEOLE

—WWE 20mmEL E, 2 OREMEE Smm/h LLED 26 BIOREMAZ X5 L L, REROFAEFEHA R, #
e E (mm), EERHEE (%), mKEMMEE (mmh), B—72jE (mmylomin % Table6.2 (2% &
Wiz, 7k, LLFTIE, Table6.2 PORNES X IS T 2N FERE TN x) LRiLT 2.

BV OLITRAEDIE N K D EEGRHN R OERZ RIS 5720, BWAT7 AMOEITHENEZ IR L
LT, T d 2 EERHRZ Fig6.13 (R Lz, 72k, FIOKITHRMEN R 5720, FXTIX
ORI D V) i C & - THRE L2, R, FUl iR iBIC & 2 FplZ 3 e IS B H =R/ N &
<, WMHOEZFESRD Z L3 L WA, FETRIEDN 70mmzi 2 5 &R SHUkFE O 2K E <
2%, RERRE O E G H RS BHER A BRI, £ OZETRKRNT 3L4% o7, Eo, B
OEZRHRIZOThORE S 40% 2B 27z,

6.3.2 E—VRHEHDLE

Table 6.3 (ZBK BT Tp(Min), BOKEGERERTH O FHRERTRE R (mm/h) 3 X OHEEF#RE Re
(mm/h), E—7 i Qu(m¥/(s-km?)), ©'—2 el fy OBIRZ R, BOKBELGERERIOHEEICIE,
Tl A 1mP/ (s- km?) DL EOBE AT _& LoEERH L (AR, 198014, - - Tizzo
HAELLT TH LMD 2 b b, BIREFARIER TREE — 27 BME-o& 0 Lz b DI >0 TR
BATo02. ks, Mt Uit OF b i B R R i 0.34~1.82n%/ (s- km?),  FERI i <1
0.60~1.91nP/(s-km?) L7210, 1m3/(s-km?) 5 HHEA - b DI RKOMER 135 L0 14 5
L ORI TR OMN 4 DA TH - 72,
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Table 6.2 FABRIFIZ 31T 2 527 HH 45k
Cultivated Paddy-dominant Abandoned Paddy-dominant Forest
No. date Ant. Prc. Rat. Int. Peak| Prc. Rat. Int. Peak| Prc. Rat. Int. Peak
2007
1 22 Aug. 6.5 37.0 43 215 0.213 325 49 18.0 0.206 23.0 78 120 0.171
2 28 Aug. 325 425 155 85 0.142 48.0 5.6 9.5 0.078 51.5 9.7 135 0.125
3 30 Aug. 30.0 50.0 36.2 115 0.145 48.0 221 120 0.149 46.0 15.0 9.0 0.171
4 5 Sep. 60.0 - - - - 48.0 248 31.0 0.721 460 149 21.0 0.563
5 8 Oct. 19.0 | 44.0 9.1 6.0 0.043 50.0 8.6 6.5 0.056| 56.0 4.5 40 0.042
6 26 Oct. 20.0 845 30.2 6.0 0.133 - - - - 735 16.7 9.0 0.142
2008
7 20 May 4.5 225 24 6.0 0.008 225 1.6 6.5 0.014 - - - -
8 23 Jun. 16.0 27.5 4.1 5.0 0.010, 40.5 3.0 195 0.14 - - - -
9 29 Jun. 40.0 825 241 9.5 0.23 825 36.2 9.5 0.267 78.0 185 6.5 0.204
10 8 Jul. 10.0 450 298 255 0.28 - - - - - - - -
11 4 Aug. 5.0 27.5 1.4 20.0 0.05 27.5 76 20.0 0.40 - - - -
12 15 Aug. 15 62.0 8.2 335 0.54 535 8.2 38.0 0.419 - - - -
13 16 Aug. 55.0 645 251 340 0.96 70,0 29.1 380 101 945 272 355 1.895
14 19 Aug. | 142.0 795 547 345 112 655 703 275 114 655 313 125 0.786
15 21 Aug. | 2235 51.0 455 135 0.54 545 769 16.0 0.78 51.0 355 9.5 0.622
16 25 Sep. 70.0 | 122.0 39.8 135 0.284 1275 645 125 0.38§ 1025 37.7 7.5 0.240
2009
17 17 May 16.0 24.5 6.8 7.0 0.040f 24.0 5.0 7.5 0.053 235 51 55 0.047
18 31 May | 10.0 20.5 3.3 4.0 0.007] 20.5 0.5 45 0.008 225 3.1 3.5 0.021
19 22 Jun. 0.5 420 170 245 0431 43.0 208 270 0461 400 190 225 0.764
20 1 Jul. 7.5 46.0 17.3 70 0139 575 242 110 0.209 450 111 8.0 0.204
21 9 Jul. 55.5 90.0 517 120 0427 885 485 11.0 0465 815 33.1 9.0 0.448
22 18 Jul. 230 | 470 36.6 175 0.497 445 294 16.0 0423 470 283 8.5 0.398
23 8 Aug. 38.5 220 173 115 0.272 315 232 11.0 0.262 355 13.0 10.0 0.403
24 29 Aug. 6.5 225 8.0 6.5 0.077, 265 11.7 8.5 0.096 265 12.1 9.5 0.161
25 3 Nov. 68.5| 420 357 6.0 0.218 46,5 279 55 0.1721 44.0 189 6.0 0.164
26 11 Now. 0.0 58.0 26.4 3.5 0.279 525 240 6.5 0.145 50.0 14.6 55 0.178

Abbreviations and units:
Ant.: Antecedent Precipitation for 7 days (nfifd), Prc.: Total Precipitation (mm), Rat.: Direct RdéihRatio (%),

Int.: Maximum Rainfall Intensity (mith), Peak: Peak Discharge (/tt®min)

Table 6.3 #iE - e i

sz

BT

k7K Bl

No. Cultivated Paddy-dominant Abandoned Paddy-dominant
T» R Q@ R f |Tp R @ R fo
4 - - - - - | 40 4650 119 432 0.09
10 | 40 36.75 048 172 0.0 - - -
12 | 40 4275 034 125 0.03 30 47.00 070 251 0.05
13 | 50 3960 161 582 0.15 60 3750 168 6.10 0.16
14 | 90 2766 182 656 024 90 2290 191 6.88 0.30
19 | 50 2820 0.71 259 0.09 30 28.00 0.77 277 0.0
22 | 80 1537 0.78 282 0.18 50 16.20 0.60 220 0.14

Abbreviations and units:
Tp: Flood Concentration Time (min),: Peak Discharge (Fi(s- km?)), fp: Peak Runfi Coeficient

ERFF L OV — 7 JiR AR $K

R, Re: Average and Eective Rainfall Intensity within Flood Concentration Tirtranyh)
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Fig.6.13 F&=RVAT 7 H R 0O SEAT MRV B 254 2 45 Ak BRI oD LBt H SR D PA LR

FPE— 7 R A T 5 &, JRIkOIRIREE, HREEIC L > TEOR/NERITRR L. B —7
TEHRER D T RAEITHEE - MEER MR & bR 14 TAEL, 2 OMITHHERFRO 0.2412%F L, HEER!
FElix 0.30 & 1250 e o7z, Feds, B — 7 MR OB KMEAE DAL 14 Tk, #HERLR
Ik D B KRR DS Ak O 2 L 0 K&V RIS, BHEKE - BEERIRIE O BREE 23 F—Th -
A, MEOE—7 WHEOEIE DICRE Do AHEER S 5.

ERRICAE S A R L T2 LIS OBE R CIEMmFts o v — 7 it ARSI AR @ O TR S e, e fiis
D E— 7 AR HHERRIR O N % ERIDERNZ N OO, Kl 22 TIIHHERHRO v — 7 i
RIS EER R D v % ElEl 5 72,

WRICHERBIEIFR Tp 2 T % &, MWL o> TIES & k& <, BHERLNG CIx 40~904y, M
A Tk 30~90 %y & 2p o7, Fio, BOKBLERFM 2 BHE - HEEREEM CHliiz LT, £02E% 104
ATl ORICHAR R ZIT R oo Tz,

6.3.3 MIHRBEDLER

Fig.6.14 [ZHHE « HEERI R OVl R B O ik 2 73, R RIS 40mmE TIEFEROIE & A LR
TR SNEDOZET/ NSV, BRNENKE K RDICONEHEIZENE LS. W C5 bz itk
BT DR KTEREEEEZHT Lo L 25, HEERFHE 52mm #HERFE 61mm AR AR
64Amm L 72 o7z, bbb, BHERLRE O R R R R R L D K 10mmk & <, ZhidAgk
MR & EIFERSEOE TH o 7.
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6.3.4 HEMFEIHES E—VRHEFRYE - EEREEOLEL

B — 7 AR I BE R 22 ORI CHEERIFHE A BHER IR O Z a2 ERIY ,  HEERR o i KA
IEHERTR O Z o 1.251%F & 2o 72 (Bl 14). £7=, BEERFROBEERHERIL, BRI 7 Ao
FEATREM B DI E > THHERIRIR O % LRI S BM23 &0, Z0#EITHEKT 3L4% Th o7z (Bl
15).

ZIT, BHE - BEERI M OB RO ZEN R E S ENER (I 15, 16) 122\ T, ZOREK
g Lo, mERICT 2t Re 277 (Figs6.15,6.16) 75, B— 7 eIl Hiosst
L, Z O, BERRBOMRENSBHE N Z BE 5 2 &3 /T 5.

£7°, 200848 A 21 HIZHA LN (BB 15 Ik 50t A Fe 27 7%25R3 (Fig6.15. Z
DOFENNRAET HEFT 7 HREOEATREREIX@ETE S S 200mmzB 2 T Y (BHER b 223.5mm /%
FA 207.5mm, H52 5 AR SEER 12~14 12 X 2BERAEP L QW2 Z LICiER T 5.

Wiz, 20084F 9 H 25~28 HICHAE LT-Mer (&l 16) DA Fu 25 7 Z~7 (Fig.6.16). #7120mm
DOERNELERER2S 9HA 26 H 1225 & LToT 5 L, AREOBREIZN 70mmTh-o7-. =
OFTP-ORERICERBALART 7 B OLITRRNE 70mmEz iz 5 &, BBk OmE Il =N 4L Ugr
DEEFIBRA £ TICHK 140mmOERNH -T2 2 LT 5.

29O LR B OBHEMIEKBIZEWIRE O (B 2 IXBEN 14) 23025 & BHEREEAKE b iR
WMAKREIZHEAEL, TNODRHMREOKSED, HAELICHERZE> CRT 2. —5 T, #HEKBEOH
T SOMERE D IRE BT/ & <, BB CIEMERE O & S 7% 40~50emRE Th D Z & b IR RS — e
IR S, B2 iBfREicEZEZ A LB ONS. 2L, BRI Do e KRR TR
(38.0mmih) 1%, EEEDOT A X R ZEME TIE S FERFBEORETH Y, ZHLL EOFREITS S DINE
IR OBE DB nE L Bbis.
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£, EERHRICREAEZAEUZBRN (BWE 15 16) O — 7 B AR OKNMBE % k1 5
L, BERE S 15136 15mmh, B 16 133 mnyh <, $t&sic i 287 — % o cidd/ o
BeRRE CThH 72, 2D Z E0n, BIEIREICE T 2 EERHROHE KITIFBERRE O K/MNE S vt §
Wz 5.

6.4 HFILUE/KEBEEREORBEBREZDETIVIE

] D LB H =RIZ 825 C D BERN AT 7 B O SEfTRER IS 70~200mm & — 7 AR B oD i KAE
PAE U T-ERNAT 7 B OSE TR &L 140mm & LRI BRAGRT 2SR 2 RECTh o 72, 7, Wi
RCBRIRABIZ & D RFICIE M W RN TRIE Td - THHHE - BEERRH O EER R 0EI/ N E <, BHEKSE
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DFEBITFIRA T — NV TIFER L DD LEBEATRESLI THD. O, Bl S miH DR
W 2R RE O FHEAKH » FEEKHOKSREZ KL TS EEZ HiLs.

6.4.1 #E - MEXBOREBEOETILIE

6.4.1.1 HEKEOFHBIE

KRHEHEARTEE, BEAKE, #ikd2KHEMEGKE, KBEREENOAKNICEVELT 5. £72, KHE
KRR LA D & 2 T2 GG KBNS O BHED ARIE > THAEL, WHE~NEHERET 5.
BHEAK B T EE OB 726 OBUKIZ &> THAKRZHERF L T2 Z &23, Bigg s L O & By
WKV o Te. 22T, B2 TR LIEHBUKEHEIED O B, BUKHERR DFE LT 6 72 WEEBEKH T
OHEE S EEFIA L COKBEHEKE Qu(m3/dh) 2H#ET 5. T7hbb, 77U v Re/ANOHEKR DI
KENEFKGEE TEI- 772 L X2, 7V v Feb EFsOR)IFHE Quin(m3/dt) &, ML EKE (HAL
FAKE Qq(m/dt) & 277V v RE/LNOREBK R ER A (M?) 2 BEHE) ZHikL, 209 B/AhEnJizK
HEFEKE Qu &7 5. 72k, HARRETHHEIC FIROKENS EIROAKHA~EIZK LTRSS Z 4 9
ZELHDHN, I TIEZEOBBITEY Fbe.

6.4.1.2 HEMEKEDR L BETE

BHEEEK B O K SCER B & RREEOBURIC OV TIZE K ORFERH 5. iz, HHE (1997199 13
AHIFFE D FRBRIRI S B F A D IR 8 OBHEAGEKBIZIB N T, FZROM Y K LI K Y KHO HHEERE
DRI L, RIS Ko THIRIBR, &AM R L CHIRERIZIIHRNZN O BB 325 2 & %W
SN Liz. ¥72, THEDS (19977 (3 TR &4 40mm OB % ICHIEEKE —ETOA T —7 L—
NREE 21TV, T RIEFOBERHZ AR 19mmiZkt L CREMR%ZOZIE ImmicE Cidb 352 L 2R LT
N5,

F7, BHEHEEIC X A /KHOZLIZITBERED BREEDIEDNS, R EEHED NBH/KBEBLIC L - THERF
SNTE L TEYPMEOZER ST Hid. B2, HEW EEOPHERSEKETIE, S 25~30cmd
B E O BN F KRB M 72 HHE ORI X 0 10 %em/sTREE £ THIRT 5 (5HE S, 199719

L2aL, ZKHE G D R S5 BESCHILB OB FE OIS U CREMAY - Z2RIICE B 3 2 @5 02
BERAMET S 2 LIIREETHL 2 b (BS, 199788, = 2 ClakHEEED LR - FIREL %
EL, HxDRBE ljpn WRBHEIFEE S, 125 U TRENIZEILT S X o IceET b T 5.

labn = Imin + (Imax_ Imin) (1 > ) (6-3)

- Srmax
Z 2T min KRB ED FTIRAE, Inma (ZERIETHD. F£72, HHEHMZEKB TG OBKIZITH
NN o L4 5,

6.4.1.3 HE - MEKBTONT A —FEE

HRSEIL B2 OFHEK H OBEREO & SIXHE 2> S 40~50CmAEE TH VY, /K H i CHERE DR 23/ S U0
728 25~30CMDETFRE N HAUTHKI L 7 A O T KT HMKEZHERT5 2 LN TE 5 (11N, 197464,
BHFHA IS &, =7 AR OFHEK B OBREE X 400mm W26 /KE A £ ToOE S 300mm —J5
OBHERERHOBEN SRR A E TORmSE30mme Lz, F7z, HHEKHOEIAZT 50mm Qg
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P LK B O NRBL R BUKiERR 2 B L C 10mmd & L7z, BUkEIfREMmcofME iy »5 54 1
H~8H 15 R & L7-.

EHIC, HEMEEOHEAHO LEIEKEE TCTEB OB AREIZEDOD T/HhEL, 107~
108cmy/sETH D Z &0 h, FHEKHOKBRERIT Smyd & Lz, —J OFHERIEK H OKHIZE
B3 (6.9 2k VHEET B2, 22 TIEFIRIE Imin 2 5mnyd, EBRIE Imax & 25mmd & L7=. Zh
&, S ENOBHEREEKBICBW T, REEZRBANRE £ T L2 TIE DR O —2E /Y D KIL
XINHRDTAKHREREO BIEHME (FIEor12 5.7mmd, FiX->%I2 25.6mmid) #5258 L L2 DT
b5 (EHES, 199709

6.42 RTHIRHHAREIZEITL2HEDRTE

6.3 T/RLIZEFY, FKEBIARED K H O S 03 IR HARE ISR B AR & 5. SRR
HET LV TIIOMBEAEEZ ST A—F L LTHETHZ L TE D0, DMMFTHET LT, MR
FRROBENE R LT T WVIREBEOEMOME CEMHET 2HLERHSH. £ T I TlE, HHMO
FHI G R S RRNT R R & T 2 BB OE T VREE 25T, Tz ylliE s L CalliRtEtE %
119, BEMICIILLTFOFIEICHES .

1) EFALDRTA—=4 (Quo, To, Reo, fro Tar Ksav ¥) %, FMIIROEHIHHFE ) HRET 5.
b0 H, Qo fo, Reo, fr, T (FUEHERSCEET H O FENE, Kap ¢ 1XWRH E— 27 OFH]
Ma2ZNENEMTHE LN s, SYTHRMICIRET 5.

2) WE - B SR B TIOR8 T A =2 ZRSEOME L 2D LREL, 1) BL106.41.3T
BE LTo/8T A—4 e HE - R A L, AR ORMIFHE R 2179,

3) 2) OFEHTICEME (B & 20mmEl ESRERRTRE Smmyh) DL RO %A LIZBA,
HEHDOZRZ Yy REVIZEBT DREBEDELRET L. RETDHIREREIT, S, Sy, Ds B IUH
PEAKH + HEEAKH O Hpag TH 5.

4) 3) THRIFLICIREEEA DI L L, FHAREMBEA 228 U2 aR e R a1, ZokE, B4 -
B R ORHERILE UBhRRIc L > TR SN2 L L, MEFEERHIUTH/T A —X
ERI—DbOEHWS. £, BEIRHEREOK TIL, B ENFTESITERT 5 £ T EHIC X
DI L CIRET D,

6.4.3 HERAEICETLIERAE

7y ReEAO—ilE% 2 100mE U CiBOKIERE T L2 Lz & 25, BHEKHE - BEEilikko 7
Uy FeEEITZENEN 125 8liroTc. 7ob, MR EELRL 7Y v FEATHE, 207V v Mk
WCEENLWIROEREEZ 7V v ReEMIcExT. £, &7V v FeucE En25EH 50m 27 Y >
RELVDEEZ 7Y v ReEm e L, RaARIEICE STt &2 ke LT

7V RN EITHHE - BEEKBOmEEZ~7 & Fig6.17, Fig6.18 ® X 52722, BHEM, HEE
UG & B ICHHEAKHE 3 X OBHERGEKBENRBET 227 ) v FEANR—EHFEL TS, BHERRERD 27
Uy REMTED DHEKBORBERITRRNTE 59.8%TH 5.
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R HEH R OB BT, AR OBOKBER IR E T 30 0 RETH L Z &b, 1047& L
fo. F o, BMFFORBEMEIENECHTHRO/MSWE L, EEmHERE PR EEZ Omm L L
S b, AR TIIMESE - MESMHEREICRE ST 5720, BUGHEIZE SIS - S
EFT7NV BETHR) 287 Y v FEVICHZIAR, HELLAMERZENELILZZ Y v FeEA~D
ANEE LTERTZ.
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6.5 HEBRRE~ADETIERERETOER
651 BELDHBERBMEMICLIHEHROLE

BL72 % R R A X 5 i Rkds K OVRASFII - AR B RS R A, BHERIIIC 31 5
(Table 6.2 HOMER 9, 10) %@l & L THiz L7z, KerT 9 oM HEHIRI% 20084 6 A 29 H~7 A
7H, BR100ZnIEE7H 8H~13HTH5 (Fig.6.19).

HROFEG R T 2 &, BERHFEICL BN 90— REMEHRHAEOE—2 XL
RRENSTHOD, B 10 O & — 27 R H OB TR & b BUIRE & B —% L7~ (Fig.6.19
@).

Wiz, (R ORI 22 & 5 Bk Ds & REUFUEITRE & Sy D2 iz oW Tl L7z (A (b)). #a
R & OFEH & Qoour Re 13 Ds (/T 2 IEMIB B TR EN D120, Bie B FHH R B TIT - 725
Pl R 1T — B L, 72720, MEIC Sy O, Ds DA Z Y, ZO%MHR 0K IFHE
BB LD BRITEY - BHOHEIC L FREICERENTWS. £/, KW 9 DFE
ETHRZEIT S Ds OEH - MM HEIC L 2 201F 2.2mm [ COME O Sy 1X[F Ul & 7o 7.
IR ORERE, B - EEREEE R L AT A—2 2 NS LR, BEEEEEALBONIZET
JUIRRE B 2 S B O WIS B | S k< 2 & DR A R LTV D,

7ed, BEMRFHCITEMITHAE CO Dy AL EITEIIT A EIC RO A L 725 2 L b, Bl
RHEH TIIEHO LD LN TE— 7 BN KT S 2 L bbhor-. HIZITKRN 9 ITx L, EHIRME
FC1E Ds OB ENEHOZN LY 10mmEEL <, Ds= S, & bffkEN4E Lz (AR (b) o
6 H 29H). ZOREMRHFAFETIZZY v FeURfafndd, ZoEWIIERN 9 oEMRHHED v —
I RENEHOZN LY K& RD—HE o7z, 7277 LR 10 CHHFBOBREITRZ 59, 25 Lk
EVTERICIREN TH D LR D,

6.5.2 EHRHEROHELREZTOEHH

6.4.2 TRt L7-BEff % EEl>7-f&MIE Table6.4 ® 26 5 Tho7-. RIRICIE—7 g, #HitHEO#]
I & BT R R /e & MRS L DR RE 27”7

1+ |Qobslt) — Qeal(®)]
RE= N2 Qudd) 64
22T, Qondlt) BT R, Qealt) HFHFIFER, NIZF—S¥Th 5. 7ads, MMATEHAN T OIS
VIR 0.02mmilomin L LM 254 & L CREH L.

SR R G AR VT ARIESEE, B © 13.1~45.2 % (7 25.79, Mk © 11.5~
42.3% ([F] 29.6% TH-o7-.

WERR % T LT AR Hl T 5 L, B — 2 RS 0.5mmLomin bl b & Rk & KRR
G CIIBHERL I CHEXFRR 725 14.9% ARk Clh 21.6% & VW FERSE R 3MS 5 vz (Bl 21X Figs.6.20
~6.25).

—7J7, E—Z7 &N 0.5mmlomin L FOEMREHFER TCOHFBEMEIZZENLU LD O & Higd 5 LK<,
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Fig.6.19 5272 2 FHEHFH AL & 2 it feds L OMa i - A eafnidir & ot ((@ o 10 53 B oOFHH
T B BALICRIE L CFRoR)

FRXTRAAR I IR ERL R C 29.2% HEAME T 31.4% TH ¥, FrliZ B — 7 it & 2 i/ Nl 28z & -
7= (B 213 Fig.6.26, Fig.6.27). FREED/NS WEERI2NEGE L 72 16 (RN HFROFEMIE 6.3.4(12BER)
(29 2 BHERI TR O R RS R 2 /MR R BN E RO —Fl & LTORY (Fig6.26). ML, RFERE
M2y 140mmz i 2 5 % IR HBSAN LS BB b oo, BN H O 1 BRE TRt & 238
INE RO TN ER DD,

2O XD /B KRR O BEMEDIER S O—K & LT, ETF/VOMBIROBATEZETHZ LN TE
L. KET/NTIITEMREHEG & BHERFHEGIC X > THIRTAZRRT L7200, REARFMEITHFE
A L7225V EERNIC & 2 H O R BRI RRIMR I L0 5. Z OfEMARRMFRIIFHE LT3 Y »
RELDEAFNT % E THRAE LRV, FEEIZITRERBLA TR O RV B2 b IEJE DI /N A o — v O fafn
HSTERR S, MERAFEET D, D7), FHOEERRIFCRER T H O % 2138 7V TRIT S fafm
I & FEEROEIFIKD 2 — N DIENPRE <72V, RN/l S vz b o LERHEL 2.
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Table 6.4 FH HHE R OFHERE R & £ OBUHIE & O s
Cultivated Paddy-dominant Abandoned Paddy-dominant
Observed Calculated Observed Calculated
No. date Ant. Prc. Peak Rfi | Peak R& RE Prc. Peak Rfi | Peak R& RE
2007
1 22 Aug. 6.5 37.0 0.213 3.2 0.015 1.8 251 325 0.206 3.1 0.050 23 332
2 28 Aug. 325 425 0.142 102 0.223 16,5 30 48.0 0.078 85 0240 143 275
3 30 Aug. 30.0 48.0 0.145 162 0.054 111 284 48.0 0.149 108 0.053 95 253
4 5 Sep. 60.0 - - - - - - 48.0 0.721 6.7 0904 136 315
5 8 Oct. 19.0 44.0 0.043 5.2 0.034 51 254 50.0 0.056 12.3 0.036 6.2 29.3
6 26 Oct. 20.0 845 0.133 155 0.108 16.8 27. - - - - - -
2008
7 20 May 4.5 22,5 0.008 0.5 0.004 1.7 365 225 0.014 0.9 0.022 29 326
8 23 Jun. 16.0 275 0.010 0.5 0.003 0.6 31.2 405 0.145 1.3 0.061 20 205
9 29 Jun. 40.0 825 0239 147 0285 146 27p 825 0.267 235 0104 214 304
10 8 Jul. 10.0 45.0 0.286 52 0.270 54 22 - - - - - -
11 4 Aug. 5.0 27.5 0.055 04 0.117 24 204 275 0.406 24 0.230 36 245
12 15Aug. 15 62.0 0.540 5.3 0.565 57 16.4 535 0.419 45 0.586 52 36.1
13 16 Aug. 55.0 645 0967 294 1106 212 14p 700 1.017 375 1.227 56.6 23.6
14 19 Aug. | 142.0 795 1127 538 1301 629 134 655 1.147 61.2 1.190 56.1 115
15 21 Aug. | 2235 51.0 0540 416 0466 425 158 545 0.780 456 0.807 425 19.8
16 25Sep.| 70.0 | 122.0 0.286 64.8 0.308 64.7 2621275 0.386 89.9 0.374 80.7 27.2
2009
17 17May | 16.0 245 0.040 0.8 0.015 0.7 358 240 0.053 0.9 0.002 03 213
18 31May | 10.0 20.5 0.007 4.3 0.003 15 452 205 0.008 25 0.026 20 36.2
19 22 Jun. 0.5 42.0 0431 76 0.614 58 26.1 43.0 0461 8.1 0.548 83 423
20 1 Jul. 7.5 46.0 0.139 7.8 0.036 83 239 575 0209 134 0.063 154 36.1
21 9 Jul. 55.5 90.0 0.427 396 0336 486 37p 885 0465 46.2 0452 615 38.8
22 18 Jul. 23.0 47.0 0497 30.0 0.438 431 33P 445 0423 291 0301 336 275
23 8 Aug. 385 220 0.272 85 0276 103 2138 315 0.262 136 0380 215 374
24 29 Aug. 6.5 225 0.077 25 0114 59 349 26,5 0.096 1.8 0.124 6.5 34.2
25 3 Nov. 68.5 42,0 0.218 109 0375 154 24p 465 0.172 135 0.209 123 235
26 11 Nov. 0.0 58.0 0.275 159 0453 351 308 525 0.145 138 0.119 205 435

Abbreviations and units:
Ant.: Antecedent Precipitation for 7 days (nffd), Prc.: Total Precipitation (mm),

Peak: Peak Discharge (mib®min), Rdf: Total Rundf (mm), RE: Relative Error (%)



556 5 LK A R 7o

B 2 EERHERREOE T Uk

104

WWI'I !r LU O
Cultivated Paddy-| =~
15 dominant Basin O.

~ 2008.9.25-9.28 | =

£ {10 g.

£ S

g 1+ —-- Calculated 3

€ —— Observed 3

E 2

° o

S 3

S o5 2

(8]

R4}

[a)

0
0 0 0 0 hour
9.25 9.26 9.27 9.28 date

Fig.6.26 [[Y 16 DOFFERER (BHER Hithk)

1.5

0.5

Discharge (mm/10min.)

R

0

.v)

Abandoned Paddy- 3
dominant Basin o.
2008.9.25-9.28 | &
=}

—-- Calculated 3
—— Observed 3
=

o

3

>

Fig.6.27 Kefi 16 D35

9.27 9.28

A A (HEERLT

0 hour
date

gk



56 E  PLRK A B L it B T i iR o€ 7 vk 105

6.5.3 REAMHEE, o L-EHREHEROMASE

F BRI 17 2 RR IR R 277 (Fig.6.28~Fig.6.5.3). 3 (6.4) THtHE L7 2HH O xf
AR IR T 54% HEERLT T 39%, AR T 38% ThHh o7z, /o, T - MEH (12~4
A) ZBRDTHRE U2 R 22T, BHERLEC 39% AMEERIRIK T 29% AL T 32% & 72 o 7.

WIS LT ORI T RS R E V. T, fhod 2 3l Tk IR R 25 E L 72 DI
L, BEHERLGE T B SRR G 2R E L7272, TREEAE E Y 3 6 WMEK RSB & DRRZEN
REMolofod LHW LT D, A, HokE (BUHIFEE 0.5mmd LLT) ZERsh L TR L7CBHER
RO IRAEIL 1% L7227, BRO@BY, FHGFTRIE L2/ T A =X T8> T, MhoRERiK
O Z BRI & A% ORE CTHBLITE 5 2 &3, HWEPVEB LRI CHNEFR C T A —F 22
LW ARINE T VORMHE LR T2 bDEF XD,

BRI & O RWIR A~ DOWBOKIEER € 7 L OB ARGRICES &, 6.4.2 TR~ HiEICEy, B0
RHIHGFRE T O 7 WV REE 2 B ROMBE S LT Lz, 22T, fiill L7oRiEED 5
HRBR T O FEE 3 K E Do T BAFAIHTHE 22 & B8 D, KHEIKTR Hpad (20 TRBRHTIN O L
RERT.

FT, SFIRATE 22 & A EORRINZIC OV T 2008FEEDH % Fig.6.34 I~ . FIKHIZR LT
BAFIRCHT R 28 & T, ARG O R KIE EKBPFET S 7Y v FEALVOFHETH L. 6 H TH
23 B BEER AR O BT 2E S FEPBRN I LR T Lz MTKmE2 EF L) oL, HHE
BRI D ZAUT—E S L IIWIE L3 bR Lz, 20k, 8 AT THOETRYRFERNIC XLV Mk &
b BARIIHT R 22 S W RN U, EER itk o0 B AT 88 22 & A B O PN B o S Dn iz,

WIS, KEEAKEOZAIZOWT, FLE< 20084FRFDFlZ Fig.6.36 127 AT OfEE, HHER
T IR EAKH, R CRBEKERFEET 2 7 ) v FR/WZE T 2 KE#KEDO 2R LT
W5, BHEKHE TIRIEKIRDHER SN TV D DI U, HEERFE TR R IS T A L 72K 2N i Ze v
UIFRBICE D FITHR LI LTk .
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