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*Kim Dongsu? (1. Civil & Environmental Engineering, Dankook University)
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[IS-02] A Hybrid Approach for River Flood Forecasting by Combining a Hydrodynamic Flow Model and
Artificial Neural Networks
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University. 2. Research Institute for Fine Dust and Carbon Neutrality, Hoseo University. 3. HQTech Co., Ltd.. 4.
Department of Rural Systems Engineering, Seoul National University)
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[IS-06] Duration- and Rarity-Dependent Scaling of Extreme Precipitation
with Warming: Insights from Stochastic Storm Transposition of Large Climate Ensembles

*Wasitha Randeepa Ranga Dilshan?, Yusuke Hiraga®, Daniel Wright? (1. Department of Civil and Environmental
Engineering, 2. Department of Civil and Environmental Engineering, University of Wisconsin-Madison)
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TRBAE O AR IR L EBERE T R iR ()3 L ONEBN @R () & o B REAR
OALFHRAE P HEATZZ & T FIANOA AL T RRERA 72 B % B L 72 2020 EDfEZ 7R LT\ 5,
AR L2 &2 REBT 5,

F ARy OEERPREN ' — 7 108 LTz 2020 4R, LR RY 7 TED L FITHT CTReski R B 23584 L
TWiz, FFE, 2 ) <)IEICRE T 2473 (1-3 H) OFERARIE, FHEE & i LT 10°CLL B b m W 241 o fE
gk L7z, SHICa ) < EHTIE, S 80 cm (ZI51T D MK HIIRE 23 £ = 0 5.6°C (-1 : 3.8°C) 1T
EL, WHEELEERKD 116.5cm (£ 1 1003 cm) ZFtdkL7c, 2D DR RIT, £nDEICHIT TOEA
TR B N E ZE O fi 2 iR A & Yedoma flfiE A 5| X2 L. 2 EOBEYLHB KA A Ui o RN o Z E &R L
TWa, ¥72bb, EFNRIRREAZT T, BUEo X 9 ZeMmimBig b £ 70, BRI 310 2 8L kA
FUMHEINMESELHERFR TH D Z L WRBE ST,

(]
AWFTEIE, LT OMEROSEEZ T E RSN E L, L TUE#HOEZRLET.
- JSPS B #: JP22H03758
- JSPS FHJFE: JP19H05668
- Attt sEsRik 7 e Y = 7 b (ArCS-3) JPMXD1720251001
+ Saint Petersburg State University, research project 124032900007 - 8
* Melnikov Permafrost Institute, SB RAS, research project 126020516689 - 6
(2% 3Cik]
1) #i %1%, Toohey et al., Multidecadal increases in the Yukon River Basin of chemical fluxes as indicators of changing
flowpaths, groundwater, and permafrost. Geophys. Res. Let. 43(12) 120-130, 2016.
2) Wang et al., Climate warming enhances chemical weathering in permafrost-dominated eastern Siberia. Science of the
Total Environment, 906, 167367, 2024.
3) Tashiro et al., Long-term increases in Ca?", Mg?*, and SO4>~ concentrations in the Kolyma River (1980-2022) due to
Yedoma degradation. Global Biogeochemical Cycles, 40, e2025GB008825, 2026.
4) Schirrmeister et al., Yedoma: Late Pleistocene ice-rich syngenetic permafrost of Beringia. In Encyclopedia of quaternary
science ( 2nd ed., pp. 452-552), 2013.
5) Streletskiy, Thaw depth measurements from the Circumpolar Active Layer Monitoring (CALM) project for site ‘Lake
Akhmelo, Kolyma’ (R21), North East Siberia, Russia from 1996-2018 [Dataset], 2019.
#— T — K : Arctic River Biogeochemistry, Climate Change, Permafrost Degradation, Chemical Weathering
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XEBFEL Sl B L A2 (1. SRAEF ICASRAZEER. 2. WERAY £ERITZEHR)
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WELR) T A — 22D HTEE - TR BRSO B3 & A BRKSCE 7 0~ 0

TR ZBG SFTERT OF IR}
SRR SMFIERT Ve EE

1. XL

H A D UK TN IE S AV B TU % Kinematic Wave &7 /L 1%, [LIHIAHE 12 35 1F 2 i RS £ ) 7 D fafn » R
FRFBICIZ IS W CHEEICFER 5, T4 Tit. Richards & RIEED /R T A — X% THE %17 2 5 Kinematic Wave £
FLAHLIBESNTEY D, ZOWHMEZE ESELZDORENEA TS, LirL, 20X 9 2 0HiRER %k
KEEDET=HHAKE T HET N TIE, AMEKREEZEREL Y A — 4 —HALTRE < LT okt 2 BEl
TERVWE WS TZFRBENE > TV D, BIHIO LY L W o 72 8T 2 — % % AW TRkt 2 TR ATRE 72 B2 )
P22 BRI T 7 AV OBFICIE, KV ERBICA L2 mEARERRDOND,

TR L, B DT BOKREOFE IS B X RS T2 < SHEAREIREIC L Th b Ind EFEEL TN
b, Tihbb, B HEBRIIERE LB OB FRIEEEAHE 0707 [ ok X B L B E R Ao 7 T
T TF v =l Ko TERNATON D, 2D XK I BRED T T, 4 203B8% L7287 1E — R JT Richards ZIZEKS < VZ
FBT UK, BUHCHNE S U7 M T WL CHOKRF OIS E 2 T S Z SIS LT\ b, — T,
Z DT VO TR ORI R E S TRV | IR T O BN~ O AT SV T+ i
EN TR, PKAENTIZIA < FIH S5 08K SCE T VOIS IR, B—iikic @ £ 5 R WA 7 — /LT
RAT O S R B R BRI 72 £ 2272 0 | FHRZIFERO RWE T VR RO STV S,

AWFFETIL, $AE —IKIT Richards UZHE 5 REAFNZ F iR 4 fEiE 2508 3 5 078 - iR BR OB K OE D5y
FHK LT A~OHHAZ B E Lz, BIFRRIT Richards s & 7] 08T A — % THER S v, 2Bk L 2 R 912
WK A FHRATRE TH D, MELNMAMET VA FERBA~ LA L, FEH 8T 2 =225 L mEEHE
2179,

2. BT VEEESEM,

PHE AT B REE & LR T DI - BRI, A —RIEEERUED T CHIEIL CEH L, E b
ERRESEBB LT 7 v 7 AR, TEBLTHAKEND O L LT, REOFH 7 vt A 2E 0 b Lz, #
1B 7 1 DK B & Ao e o> BA AR IEARAT O ILZ R0l Sy, e U S W T e BERU L A £ 5 Z & e < KR
HEFEAETH D, EH L-BEHRXEZ Rainfall-Runoff-Inundation(RRI)E T /VOW B I~L@WHA L7, ZOET
AT, WA 7Yy REAMICHEILZ ) 2T, 20K BLORKRRE O OWEELFHET 2,

WELZETT VA —HRZRENORZREY Ltk km)~E A Lz, MED 4 SOKMFREIHKA X k255
& LT, T4 5 D Nash-Sutcliffe F5HE % H RS L Lo T XA —F b 217572, 2O, —#O LHEART A —%
WZOWTIRIRIN T 7Y o 7 Sl BEMPEE Z R R L LTHW, 3 X TONRT A —Z it L —
AL/ LT, 2B, P 7Y U THUIEITIENG 1| SO L0 THY . TN EEE AT D L UE LT,
WE SN BH 8T A — 213, fREKIRE ks, = 68 [mm/hour], fUFIRTES K 6, = 0.65, B ARG KE 6, =
0.36. Brooks-Corey &7 /L DZEXUZ AL P, = —0.088 [m], ML D/NT A —% 1=035 ThbH, ZILLSNDNRT
A =L, WEOAEIS U TC3HEOERBIEEZHRTE Lz, /X7 A —Fixi#E{b7 1 77 L2 pestpp-glm, ies? %
WTC, BN TA—FEHET DL L HITRT A=A OREEEERDT-,

3. MR

K1 ICHBFHED A Ku 7T 7 %79, Pestpp-glm OFERNS | HEELTZET VTR T A —X O— I FHERIM
DA Z T HBEEMAKZ R E L < FBLATREZR 2 & D3RR T & 7o, F72., pestpp-ies DFERNH | TN/ T X —
ARG EZMT 28I Lo TA Rr T T 7 ORI X DOE)R/NS L RoTWD Z ERHRTE 5,
2 |Z Leave-One-Out ZZZMFEDFE R A7, ER LHE AT A —Z B WML LI2GE O RIL, 2RkEbo%
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Mean NSE(gim) $)3: 0.93, £ &x#E{k: 0.93
2013T18 NSE(glm) #3: 0.97, £&5#1k: 0.96

—0Obs.
—HHE gm
*iﬁi%{t glm

3 ies 5-95%

2 RB1E ies 5-95%

40
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2014711 NSE(glm) #38: 0.92, £&3#1k: 0.91

10 20 30 40

10 20 30

2024T10 NSE(glm) 3k 0.84, £ F#{kL: 0.87

Time [hour]

M1 HEEEDONS Fu s T 7

1 2012717 ] 2013T18
08 | # 0.8 k3
06!} 0.6
04/ 04
0.2} 0.2
w * sBEL mE P T
z 2014T11 1 2024710
08 * 1 08 -
06 : 0.6
04 ; 04 .
0.2 N 0.2
mx emat  © m® e8@i

2 Leave-One-Out &2 Z ik (pestpp-ies) D fif 5

(5]

A L LT NSE O RflE 8 [FIFEE Cdh
LEE I EOFMP /NS < 2o
TV D (FFIZ 2014T11,2024T10), Z i, i
G17p LW MR (FE 72132 OFP) S D
U, ETNVOREELELR S Z L ANk
TR S W7o, e £ T VB D AT
BRTHLHIELEETRBTHLDOTHD, £,
SR b(gm) TH O LT XA —X
1% ks =150 [mm/hour], ¥, = —0.042 [m].
1=032 THY, o7V 7EERUTA
— X —llhoTl, TNHD/RT A —HFTH
YTV CTEEFRERD b OO, TEED
B Iz Ko T, MR LK O ERE#EEO glm DA R
077 7 3EFICEM L b DL ol T,
KILETNOEREREZ R L TWD A, EH Sz
NI A =R EFAT D2 &N ERBREEOMHEIZO
RN REME A RIE LT D,
4. FL
ARFZECIX, LR O 88 B A B FniR B R &
LR D IR - WRHBERAEZEIN L T, %
NEDHBOKCET V~EWA Lz, MELEE
TNhERWT, LR LRBEOPAKFBGH 21T
Sfce NI A= EEILEIT I ICHT- - T, Bl
O YV EZ RS E LTHWD Z ERET
IVOREE « REEFEMICH 2 D BE ST LT, £
OFER, ER ST A—FEHNDZ LIk
ST, ETNVOREZELR S 2 LR AHEFENEL
K C& DR ET NMEENFETH DH Z &0

TRIRE T,

40

AWFZEIE, PREIT SIP TPy OO Ry BB RE 2 S KERTE A L7 $CE IR0 28 ) (RS A ) O 3088 & % 1) i &
L TEHOEERLET.

nELE.
%35 Sk

1) BRI, (2021). K PREF IR 2 ST 2 it B AR MR N OB & AR T L~ O AR
EE Bl (K L), 77(1), 124-135.
2) k. (2023). ERELA B FIRZE (2 H S < L WK B 7 0 o3 T K 2 i N i oo 3t B A O PR kR . K
- KEPRFEFE, 36(1), 20-51.
3) e, EIR P, B K. (2026). B0 6 AERERCE S HIR O HIF A B S AR B SER O UKL I KIZ L
W LR RESUE, 82(16), 25-16113.

4) White, J. T. (2018). A model-independent iterative ensemble smoother for efficient history-matching and uncertainty

L NS
7=

quantification in very high dimensions. Environmental Modelling & Software, 109, 191-201.

% — 7 — N : Hillslope runoff, Storage-runoff relationship, Flood modeling, Soil properties, Richards equation
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LSBT H 7T E CaMa-Flood DREBSIC L BNy 70— & — 5 & LT~ WKL BT

SHFFERTIC RS ER O KM
KRG TERTIE SRR IE R it F
HORUR AR PE BART I ZE AT HLlR X

A

A0

1. [FCHIC

[T T, 2EOF/NMIIZx G L LIMKGERER®R X270 &2, 077 MES R &R
B7p LG RKHRIEIZ SN TY 7 X A ATRELTWD. UL, Wik &R O Tl E KL
ZHPRIICH DR W2, RNKRALD EFITERT 2K (RN 7 ox—2—) L, ZHITHE D KRN KILE

EHERBTDHZEIIRETH D, B, RNESINOEFREBLAREHTIE, ANKRMO G E I &> T3
DO PR KR E S, BERATEE o728 b HKCIRAKDER kG T 2 AL < HEENTVWD

ZOREIZH L, WEREEITEHARUERE LT, FANRE LK H 255, AR OFBNE &I
KOG HERELZBEANT D Z LT, WKOEELZE L BOKGEREDO AL FIELZRELED. Z0F
B, BATET VOB ZHER L E2EBHNATRETHDEVWIFREZATL—FHT, Ny ur—F—
RN DR A - ILKRBRE O b DO EYHAICHELT 5D TIERVE VI IEREZINTVD.

—J7, AK€ TV CaMa-Flood” 1%, JRATEME HFREARUCE S SWHEKRMFIEIZL Y, Ny 7 v r—2—3 R
ZETeiE N KBRS L OVEERE 2 B RICRBLT A Z E WA THSH. LiL, HABIZE W T, WAILE (H
KAL) ZRST L7o 4 & U CHE 2, BLHIKALRC BRI ACIR I & b L 72723 & CaMa-Flood D36 I M A FRFE L 72
BlIEAR L LTRR TV A.

AWFTETIE, PERE UK - NAILE TR O & B E RIE 2 2R IMRET AR B L LT, [BTH
> 7TV L CaMa-Flood ZAE6 L, /Ny 7 U s —H —% B[ Lo NKILEMT 2,525, Fro, RINKAMO 5
RSN TR DKL B I X ONRKFE I KIETREBIZER L, BRI CRASMEDHKEAZB LT, K
FIEOMAMEERIET 5.

2. Fi&

AW T, WIKA 7 — L ORBERBHIEREEZRRBITY 7 ETNVICEVEREL, ERFMAT v 78T 5
&% CaMa-Flood (AT 2 —H W EROET MR ERM LIz, 20 7 FTNVIERETOBREET L LR—O
PR E S THR SN TE Y, TREEZ A E LT, 1| BRI 1km A v ¥ o B CiiHEZ BT 5.

CaMa-Flood T, #ilk% fl/ofb L7 HALEE KK (unit catchment) Z & O/KIN KR & RaTiEME FREIz &S <
WHEKRAMEIRIC LY, WENOKIIEBRIL IOy 7 U — 2= RE2RKBT 5. £/, ¥7 70 v B Z
A—=HEZRANDHZ LT, WEEZGTILER (floodplain) EORKEEZZMICE T2 Z ENAETH 5.

AT, 1 REBER TR SN X2 v 7 BT VOl &% CaMa-Flood (ZA ) L, {iEKE (rivdph) &
ONE 2 & Tei0 i R BRI (flddph) ZfEAT L7z, 7238, 1RKEIZ DOV TIX 15arcsec fRGECTH 7 > A r—1)
YU RFERL, 2RI T
3. SFRE 30 4F 7 AR T ORGE

FIEOWERAMEE R T 2720, FRk 30 47 HEMZ XI5 & LR 2 ORI 217 o 7. REHITIE, 2F
FHTHJINLHE S KOWNKILERRBAEL, Ny 7 Ut —F —OFBIC L 5 REMOBEARHRE SN TVD.

B 142, —#&IHEOJ N O3 T 2 N ) GEEKRABBIET) (23T 283K AZ, CaMa-Flood (2 & 2 {1 1E K
w, BILOWMBWERRERORRIZ 7T, K W(a)lm 3T RS OB IE, ILONANTERE S Lz s o
IKBLBLET DKM EFERLL TR Y, EREMEITD)NARNN DNy 7 7 —F— DB LR ZIT T\l &
ZRLTWd. X 1(b)IZ7RT CaMa-Flood |2 X 21EKIEIX, SH EROVRE—T7OX A I 7, 72 H NTHK -
IBAGERFR D ZABE NI B W CTBLHIKRAL L RS LB A R LT D, ZOfRRIE, ARIKALO EF-A30E T
b5 INF IO KNIEEN KIT T 8%, CaMa-Flood NWEHBLL TWAHZ EZRBL TS, —J, K 1()ZRT
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W BRI, R 6 O MRfREO A EERE L2 . (a) Observed Water Level

BT O, FRNOKMEDOEEERMTE 0| e

T, GEEREN) REETSICHEL A S = .

. 1, =27 R4 G BIHIKALRS CaMa-Flood (2 & % g o7 sl AAA“ “AAAA

WTEATE L B LT, EHBREDOTHIE LTINS, §2?‘ e ety
B2 0%, FA3047 H 7 H 12 OO Tz o

o B i 00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00
B DERAKBES M EZTR LTS, P TIE, TOJIAK 7/6 717 7/8

NI UMT B R X R ATER ST+ 5 & & bic, 12 (b) Simulated River Water Depth

18
KEERRE SN TR, FHCAMME TR 215
ABBEOIHS > TND. TnHOZI T,
RNAMED EFIHED /Sy 2 94— 5 —OWBEZT 5 4|
TV AT Y, AR OEE Y ST © 3
BRA PR LIRRTHD EHZLND. 0o:oo 6:00 12:00 1800 0:00 600 12:00 1800 0:00 6:00 1200
PAEORERIE, 1 TR Lzl ks & OBk @@mmﬁmmxm 8
[ OWERIZE(L & ZEHIIC LA TH Y, BHETTL 40 Critrion 1
THWOLND BRI T O ERE LS fRET § 0 ¢ CC‘tIII
ILRBIN KN EE T H - 72 KRB N AKILE 22DV T, E ““é 20 |
AL LR & BRI O MEE T LA VS 2 §m~\§/f//ﬁ\~‘\\\\~_____

T, —EOHBENARETHL I LERLTVND. . |

4. F k&)ké\f(ﬁ@@% 07(/)2 6:00 12:00 18:00 07(/)$ 6:00 12:00 18:00 07%) 6:00 12:00

-1 Fpk 30 £ 7 H ZWIZR T DILO)IKRINF)I

ARIFFECTIL, [RBITH 7T /L CaMa-Flood %

—HEIREE L, Sy 29— 5 —E B LA GIEIA AR 0 (@UEHKAL, (b)CaMa-Flood
BEARAT OB O 21T o 7. TR 30 4 7 B At (= R DTTEATR, (BT B ORI

G & U= fEAT 2> 5, AN LR E S 5 5E
REEBR, ZHIHE S AN ALE ISV T, ¥
HEF LD —EOBBMNAETHS 2 EE2R LT
PEe,  PNAKTLIE VLA 5 1 75 K ST AR A R0 R T 1 75 2 A ,
EFNERNCIHI SN S Z & 8% not=is, A% %'ﬁag
o LI M 0, TTE AL & D R & — IR 3

52 ET, Ny —a—ICRET S AN KD . o
i a RIS 5 DD, 0K D RET , : s
i, RERECY 7K A L TRAOIEH 2RI R B ?” 3 3-6
NI KR OPEAK - RAKFF 7 NVOIHEME LR VG, B4-2 SR 30 4R 7 A 7 B 12 REDILO I T ihkic

SRR, BEOWK T R B B B 72 T B DEATRIA

BIMERH 2> 5 & & b1, KM - BB ERES O N B 2 B LTI ~DILRAZIT ) PETHDH. Zhic

F0, RNESINORENER Z B RE L7 WAL TR O mEALiCm T 72t 2t o T <.

2% 3Lk

1) KHEREE, ZiRE, &BHET, MEHREC  HROREHE S N OBWKIEREDOHEE & K27 1 Ton]
A, KL - KERFEMIEREDEELE, 2025. https:/doi.org/10.11520/jshwr.38.0 265

2) Yamazaki, D., Kanae, S., Kim, H., & Oki, T. (2011): physically based description of floodplain inundation dynamics in a
global river routing model. Water Resources Research, 47, W04501. https://doi.org/10.1029/2010WR009726

% — 17 — N : Backwater effect, Pluvial flooding, CaMa-Flood, Rainfall-runoff modeling
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T INCEE S PE O m iR K IC B § % Large-Eddy Simulations
— T HIN O KGR H I K OEMITHE 32 K HE T D434 —

RAERZRF P TAER OAmERL
RAERZLR A TR IR 8
AL R RSP T sert SPEESN
RAERZLRF e TAER FrE T

1. lZL»ic

SRR EOWHEAL~OxHE & L TINLE 2 Al & 3 2 s K ORI RS R tED b s V9. £z, 10
RED RPN I U THRIEPRIR K & @il iR AR o3 TREBRMRF 2179 2 L OBEEMENRIN TV D D, 5% O & Hi
R, BEMEEE - RS EH/BLIL0THY, HERA— - BYR T — )V OMKERET D LTI, difEN
DY IERLEYNAEA T 2 KES % 3 WOCTARFENTIZ LV FEIC TRIT 2 Z LA E B2 6D, LrLeis, &
EARAT I K D ILEEHE O T HNEFE 2 WOTTRIRMENT 3 IV i, B - HiX A — L O EiR K &2 R L5
3 WOTHIARIRNT 1356 EAT DR TV ROVONBURTH 5. ABFFETIE, mliitiR/AKR OS2 BT 2 SR 22 5m 7L o
e BBy L L, 3 RIo?D Large-Eddy Simulation (2 &V BRED 7' 1 SRR (LAKE,  A,) O3 AN T N D 7K iS5
FOEMINER T DKES], & HIZEMREOMRMBIRGUREIC R F B2 0 LI R 2 RET S

2. fEMTHEZE ‘ —
ARSI 130 15m(= HYDSLH K% A, = 11%, 25%, 44% T T N
ERICELE L7 3 2OEFAEIX L Uiz, £7-, ARFZETIE Volume |5
of Fluid k% 7=, FEEJHEIL CSF €7 /L Y, Sub-Grid Scale
ETVIEZWALE 7V E L. 7o, FEEMMERIRZBE LTV -
%. BRAEFLFISM. K-1ISHITE 2R KEDODHR  (a) A, = 25%D ] (b) M xS E
GUISCHR HITREVE T3 BN 24T - 7=, EFEJTA & ERE AT O B-1 fgtir ks 7
FRNT RS BE R B IS R G 23R L, 0~02H &2 /K SECERF MO EHIEN A% 5 %, iz BiE S8 7. BEE)
31385 A, AR 11% D ARFE L5 73 i TR K (1~2m/sP)THEY L, D0 ERRIEDS R E R D@ S D 70— R
FE>1ER25X0ICREL, &7 — AR UBKEI ) & Lo, # R A (Uparer )3 L OH THE(L U7z, fSRIFIZ[ERI S L
3. R

B S 0.1H(=1.5Sm)DOAKEE I LY A-A N O R EPES i 4 X-2, 31277, K2 10, Rl = —F—EIici3dian
DOFIEEF LONNHAS, FHM ORI I IHE RS HERR TE, A,085mWIE RIS T 2238 E 5. 1, = 11%
D A-NTH(K-3(a) & A5 & EFRMBEE O 0.1H & S K 0 IRWLEIZIEA SN S 0 B ERRBAAETTBY, 4, = 25%
1349 0.1H, A, = 44% TI3AK 0.15H EALEN ETICEIT D, 4, = 44%(1X4-3(c)) TIEEIZ TR & 72 > Tl Y Hisk
FHTIZITHRRAFRAE L T D, Tl OREEIC X FE R T mdim & QRN o d.
ﬁm,ﬁﬁmE%ﬁmwmﬁm:;@%ﬁcwmﬁémEﬁ%%ﬁfé.&%,%ﬁﬁEﬁm%ﬁK%ﬁ%%ﬁ%%
DFEIMEE Uiz, £, KIEIEOEFAZER 0.9 L EL RO FORFEFEEENNOOEEE L, §KEIZELG V.
(Cp) = (p)/{au) (1) (qu) = 0.5p(Upqter)? ()

-4 (CHIZ R T A ED(C,) . -5 (R DIKIE N 0 B RO T FERARB U 23T, K4 KD, 2,03
WEE BRMIOEE, FiRMloBEE b58FE 5. R MEERIZ IS T AR K ESER T 5 @ S 3B s o6
m(-3) LR —BT 5. £ FIRMEBEEIZOWT, 4, = 44%(1X-3(c) TlE, TN T TOFBERILATTNZ &
THRENHED, 220 Bl —F—MOFEEER L3 EZ2E L, Zoimns FiiBEmIc/ER L2 & C, holr—
ALV bEWMEE ST EEZBNLD.

B, BYREORMKEIEEEZ, SEM O N % OBKITIKICB T 2 R OFMFEZICH Lo+ 5.
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(b) A, = 25%

i 0.3 —
0.15 J= 8 2

L. (= =

1 2 3

xi/H 0
(@) 4, = 11% (¢) 4, = 44% (c) 4, = 44%
-2 0.1H & S Oy 53 4h (Omm m5.0[-]) -3 A-AERINOPEH A (Omm m5.0[-])
x3/H - ,=11%  x3/H -idp=11%  x/H = 4 16
P - ,=11% o o
0.2 =25 02 T h=2s% 027 DA S 12
0.15 1 *')l-p=4'4% 0.15 ;j Ay =44% 0.15 ] . /1p=4'4% Cp 2 | . | 0.87
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CLASSIFYING SEQUENTIAL DEVELOPMENT OF FLOOD WAVE
TYPES IN A SINGLE FLOOD EVENT

Dongsu Kim

Civil & Environmental Engineering, Dankook University, Yongin, Gyeonggi, South Korea
email: dongsu-kim@dankook.ac.kr
email: 32183438@dankook.ac.kr

ABSTRACT

Hysteresis significantly affects the accuracy of hydrological measurements in rivers, especially during
unsteady flow conditions caused by flood events. Traditional stage-discharge curves often fail to
account for these dynamic complexities, resulting in substantial errors. This study presents a novel
method named as Hysteresis Diagnostic Index (HDI) for diagnosing the degree of severity of stage-
discharge hysteresis enabling to classify flood wave types during development of a flood event whereby
using the free-surface slope. The proposed method denoted that a single flood event can be developed
with the sequence of kinematic, diffusive, and dynamic waves depending on its hysteretic severity. The
methodology was applied to in-situ data from the Naju gaging station on the Yeongsan River located in
South Korea, a site characterized by low gradients where the prominent hysteresis during large flood
events is present. The results, visualized through color-coded wave type classification, could
demonstrate hysteresis severity and subsequent type of flood wave.

Keywords: unsteady flow, flood wave, free-surface slope, hysteresis, diagnosis.
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A Hybrid Approach for River Flood Forecasting by Combining a Hydrodynamic

Flow Model and Artificial Neural Networks

Jae Gyeong LEE, LiLl, Kyung Soo JUN

Sungkyunkwan University

Abstract

Climate change is driving worsening flood events worldwide. In this study, a hybrid approach based
on a combination of the optimization of a hydrodynamic model and an error correction modeling
that exploit different aspects of the physical system is proposed to improve the forecasting accuracy
of flood water levels. In the parameter optimization procedure for the hydrodynamic model,
Manning's roughness coefficients were estimated by considering their spatial distribution and
temporal variation in unsteady flow conditions. In the following error correction procedure, the
systematic errors of the optimized hydrodynamic model were captured by combining the input
variable selection method using partial mutual information (PMI) and artificial neural networks
(ANNs), and therefore, complementary information provided by the data was achieved. The
developed ANNs were used to analyze the potential non-linear relationships between the
considered state variables and simulation errors to predict systematic errors. To assess the hybrid
forecasting approach (hydrodynamic model with an ANN-based error correction model),
performances of the hydrodynamic model, two ANN-based water-level forecasting models (ANN1
and ANNZ2), and the hybrid model were compared. Regarding input candidates, ANN1 considers
the historical observations only, and ANN2 considers not only the historical observations that used
in ANN1 but also the prescribed boundary conditions required for the hydrodynamic forecast model.
As a result, the hybrid model significantly improved the forecasting accuracy of flood water levels
compared to individual models, which indicates that the hybrid model is able to take advantage of
complementary strengths of both the hydrodynamic model and the ANN model. The optimization
of the hydrodynamic model allowing spatially and temporally variable parameters estimated water
levels with acceptable accuracy. Furthermore, the use of PMI-based input variable selection and
optimized ANNSs as error correction models for different sites were proven to successfully predict
simulation errors in the hydrodynamic model. Hence, the parameter optimization of the
hydrodynamic model coupled with error correction modeling for water level forecasting can be

used to provide accurate information for flood management.
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Evaluating Water Reuse and Pico-scale Hydropower in High-rise Buildings: A Water—Energy—Carbon Nexus Approach

Sanha Kim, Juyeon Jang, Seoyoung Shin, Jieun Kim, Sojeong Kwon,
Hyeonmin Kang and Daeryong Park

Department of Civil and Environmental Engineering, Konkuk University

1. Introduction

The water, energy, and carbon (WEC) nexus has become a pressing concern as climate change and resource scarcity intensify V.
Because these three are tightly coupled on both the supply and demand sides, building-scale measures that treat them together
offer strong potential for carbon reduction and water security. Rainwater harvesting and greywater reuse cut freshwater demand
23 while the hydraulic head available in tall buildings can drive pico-scale turbines below 5 kW that recover energy from
downward water flow.

In South Korea, buildings above 30 floors are classified as high-rise, and Seoul and Busan alone hold more than 570 and 630
buildings exceeding 31 floors. Yet studies that integrate rainwater harvesting, greywater reuse, and small-scale hydropower in
such buildings remain scarce. This study builds six scenarios that combine rainwater and greywater for pico-scale electricity
generation and water reuse, applies them to Seoul and Busan, and compares reused water volume, generated electricity, CO2
reduction, and cost savings. It also examines how the greywater tank installation floor and the roof catchment area shape these
outcomes.

2. Method

Hourly rainfall for 2012 to 2023 came from the KM A ASOS stations 108 (Seoul) and 159 (Busan). Direct greywater discharge
data were unavailable, so national per capita water use from the Ministry of Environment was downscaled to hourly resolution
to synthesize greywater generation. Water uses were classified by reusability, and reusable sources such as the washing machine,
bathtub, and wash basin were matched to reuse demand for toilet flushing, with laundry excluded for water quality and public
acceptance reasons. Six scenarios were defined by the presence of electricity generation, water reuse, greywater use, and
rainwater use (Figure 1). Scenarios 1 to 3 include generation and Scenarios 4 to 6 focus on reuse. Scenario 1 uses both rainwater
and greywater; Scenarios 2 and 3 isolate the greywater and rainwater parts. Scenario 4 meets toilet demand with greywater
supplemented by rainwater, and Scenarios 5 and 6 isolate greywater reuse and rainwater reuse. A 31-floor residential building
with a 2.4 m floor height was assumed, and for the base comparison the roof area and tank floor were fixed at 500 m? and the
16th floor, then varied to test their effect.

3. Results

Under the base case, the reuse scenarios gave the most favorable outcomes. Scenario 5, greywater reuse only, reached an
average reused volume of 5096.8 m?, about 11.1 times the rainwater-only scenarios in Seoul and 8.6 times in Busan. For
electricity, Scenario 2, greywater, generated 501.1 kWh, roughly 29 times Scenario 3 in Seoul and 22 times in Busan. Pico-
hydropower produced modest cost savings but substantial CO: reduction, because the Korean grid emits about 491 g CO: per
kWh.

Break-even came earliest for Scenarios 5 and 4, while Scenario 2, generation only, did not recover its cost within the study
period. Scenario 4 passed Scenario 5 in cumulative savings after about three years and ended roughly 2566 USD in Seoul and
2466 USD in Busan higher per building, so Scenario 4 is preferred for long-term return in wetter regions.

Electricity generation peaked when the tank sat near mid-building height, following the product of flow and head in the
governing equation. Water reuse, CO: reduction, and cost savings peaked when the tank was near two-thirds of building height,
about the 22nd floor of 31, where greywater supply and toilet demand were balanced; available greywater was about twice the

toilet demand. Busan consistently exceeded Seoul owing to higher and steadier rainfall.

-1S-03 -



1S-03

KX - KERFER BAKXHER2026FEMARKE

1 Roof Area Roof Area |
Rainwater L Bootires J . Potable water pij
( Tank I ‘RalnwamrJ EEe
. Tank
Dl'urblno [ [ — o — . Rainwater pipe
—H— L 5—
— ¢+ —]
Greywater pipe
Elru__mlna —s —s . Black water pipe
. —$— ———

potable water use

G rewaer
Tank

Turbine | [ & =
E—;:J | Turbine | [ ‘
— [ = ‘
|
Turbine | [—*"— & ] =
Turbine | [~
33— —5— ‘ —
Potable water — Wastewater Potable water — Wastewater |
Infl Turbine Turbine Potable water | Wastewater
nflo [Turbine] "~ outfiow Inflow [Turbine] " Gutfiow lnﬂo‘xﬁ“ i
(@ (b) (c)
1 Roof Area Roof Area 1 Roof Area
Rainwater Rainwater
Tank Tank
) — et ey |
= —F— 4
— D } — — " |
= — — s ing_ " —
potable water use Greyw?er Grayw?ar potable water use
Tank Tank
bt ] bt ] bt ]
—¥% —] —— 4 —] [
|
=% —] —5—] —3— |
Potable water Wastewater Potable water Wastewater Potable water Wastewater
Inflow Outflow Inflow Outflow Inflow | outflow

(d

Fig. 1

4. Conclusion

(®)

®

Design layouts of the six scenarios. (a) Scenario 1; (b) Scenario 2; (¢) Scenario 3; (d) Scenario 4; (¢) Scenario 5; and (f) Scenario 6.

A building-scale water reuse and pico-hydropower strategy was evaluated with a WEC nexus using twelve years of data for

Seoul and Busan. Water reuse outperformed hydropower in CO2 reduction, cost savings, and payback, yet hydropower still gave
meaningful carbon benefit given the high grid emission factor. Scenario 4, which integrates rainwater and greywater reuse, cut
CO: by about 1304 kg in Seoul and 1333 kg in Busan per building each year, comparable to roughly 30 street trees, and saved
about 2948 and 3015 USD. The best greywater tank floor depends on the goal, mid-building for electricity and about two-thirds
height for water reuse. Collecting rainwater and greywater in high-rise buildings and relying on gravity flow enables low-cost

and low-carbon water use and supports carbon neutrality and water security.
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Assessment of Hydraulic Stability for Floodplain in Compound Meandering Channel
Division of Smart Infrastructure Engineering, Myongji University =~ Young Do Kim

1. Introduction

Compound meandering channels, in which a sinuous main channel is flanked by floodplains, are among the most common
forms of natural rivers. During floods, these floodplains carry a large share of the discharge and increasingly host recreati onal,
ecological, and infrastructural functions, making their stability a central concern in river engineering.

Yet the floodplain is also where flow behaves most unpredictably. Interaction between the meandering main channel and the
shallower floodplain produces complex three-dimensional currents that continually reshape the bed. Where these forces
concentrate, the bed erodes, often where it goes unrecognized, quietly compromising stability.

Traditional evaluations, however, describe the flow in averaged, section-scale terms, overlooking the local variability that
ultimately determines where a floodplain fails. A more spatially resolved, physically grounded approach is needed, one linking
the underlying flow mechanics to a practical measure of erosion risk.

To this end, this study proceeds in three stages: laboratory ADV experiments characterize the local bed shear stress and
turbulence structure; a shear-stress-based erosion index (SEDI,) is developed and validated to quantify erosion risk; and the
framework is finally applied to a real river, the Musim Stream, through a FASTMECH model.

2. Method

This study integrates laboratory experiments, numerical modeling, and field application. The main experiments were
conducted in a compound meandering channel flume (14 m % 3.30 m) containing one full meander wavelength, two bend apexes
and one inflection point, with a 0.30 m-wide main channel and five cross-sections (CS1-CS5) arranged by meander phase. At
each section, three-dimensional velocities were measured with an Acoustic Doppler Velocimeter (ADV) across the main channel

and floodplain, over eight cases spanning floodplain depths of 0.25-0.50 m under subcritical, fully turbulent flow. Bed shear

stress was estimated from the ADV profiles by the log-law and - " Eﬁ&‘zﬁ;;"""
turbulent-kinetic-energy methods and, at the same points, measured %wwf , -
directly with a shear plate that served as the reference. Because point 9 - 1
measurements are spatially sparse, a three-dimensional model - - 3

(FLOW-3D HYDRO; RNG k—¢, VOF, FAVOR; ~6.53 million cells), \A/Wmm ........................
validated against the ADV data, supplied continuous shear-stress o v

fields. From this combined dataset, a shear-stress-based erosion index
(SEDI,p) was developed and finally applied to a meandering reach of
the Musim Stream, where flow fields from a FaSTMECH model,
validated against velocity and depth at six field sites (NSE 0.87 and
0.95), were evaluated over the floodplain, with region-specific critical

shear stresses assigned from the literature (=0.47 Pa for the main-

channel bed, based on the site grain size, and a conservative =5 Pa for

(b) Photographs of the meandering flume facility

the grass-covered floodplain), and compared with post-flood field
observations of erosion. Fig. 1 Compound meandering channel experimental
facility.
3. Results
Bed shear stress. Validated against direct shear-plate measurements at 18 locations, the TKE method showed the strongest
agreement (R?= 0.90), far exceeding the log-law and numerical-model estimates (R* =~ 0.17). The discrepancy was concentrated

in the outer-bank floodplain downstream of the meander inflection point (CS3): there, cross-over flow amplified the local bed

shear stress to as much as 1.46—1.68 Pa, whereas the wall-function-based model predicted only 0.11-0.17 Pa, an underestimation
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of 84-93%. Elsewhere the model agreed well (R? = 0.82
with these points excluded), confirming that its limitation

is confined to the turbulence-driven cross-over zone.

TEDI

Erosion index. Applying region-specific critical-shear

corrections, the model-based SEDI, collapsed the

separate main-channel and floodplain trends onto a

common 1:1 relationship (R?~ 0.80), and remained stable

across flow velocities and channel sinuosities. The TKE-

SEDI,, (Model based)

based SEDIp, calibrated on turbulence-derived shear (N
= 58), achieved R? = 0.93 (RMSE 0.031); its cross-over

() Site 6

indicator amplified the predicted shear by a factor of

~3.66, and removing it dropped R? to 0.18, confirming the Fig. 2 Erosion—deposition index distributions in the Musim
cross-over term as a physically meaningful, non- Stream and post-flood field observations.

redundant control. Field application. Applied to the Musim Stream, the three indices told a clear story. The conventional SEDI
flagged 75.7% of the floodplain (3,342 of 4,414 cells) as erosion-prone, an obvious over-prediction, since the post-flood survey
found the floodplain to be largely deposition-dominated. Correcting for the floodplain's higher critical shear stress, the model-
based SEDI, swung the other way: it reclassified almost the entire floodplain as deposition, leaving only 5 cells as erosion.
This removed the false alarm, but went too far. It also erased the one genuinely hazardous area, the cross-over zone along the
outer bank downstream of each inflection point, because the underlying model underestimates the shear there by 84—-93%. The
TKE-based SEDI, restored it: by adding the measured turbulence effect, it retained 410 cells forming continuous erosion bands
exactly along those outer-bank floodplains, matching the erosion features actually observed in the field.

4. Conclusion

This study established an integrated framework, linking flume experiments, three-dimensional modeling, and field application,
for assessing floodplain erosion hazards in compound meandering channels, with the improved index SEDI., as its core.
Validation against direct shear-plate measurements showed that the TKE method most effectively captured the localized
floodplain shear stress, and revealed that the outer-bank floodplain downstream of the meander inflection point, where the
floodplain flow crosses the main-channel flow, undergoes a pronounced turbulence-driven intensification of bed shear stress.
This high-shear zone is not apparent from the mean velocity field and is substantially underestimated by conventional wall -
function-based models. This physical insight was formalized into a two-tier index that combines rapid, domain-wide screening
with a turbulence-based correction that recovers the erosion-prone zones the model overlooks. Applied to the Musim Stream,
the framework reproduced erosion patterns consistent with post-flood field observations, demonstrating its practical value for
identifying where erosion hazards concentrate within compound meandering floodplains. By connecting laboratory
measurement, numerical modeling, and field application into a single consistent workflow, this work provides a physically
grounded and practically useful basis for evaluating the hydraulic stability of floodplains and supporting their sustainable

management.
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Concurrent Snow Depth and Snow Load Measurements

for Snow Water Equivalent Estimation under Maritime Wet-Snow Conditions in South Korea

Department of Civil Engineering, Hoseo University, South Korea ~ Gunhui Chung
Research Institute for Fine Dust and Carbon Neutrality, Hoseo University Hyeongjoo Lee
HQTech Co., Ltd. South Korea Hyunsuk Lee

Department of Rural Systems Engineering, Seoul National University Inhong Song

1. Introduction

Reliable estimates of snow water equivalent (SWE) are essential for snowmelt-runoff forecasting, water resources
management, and flood risk assessment. Because direct SWE observations are scarce, SWE is usually derived from snow depth,
and the accuracy of this conversion depends almost entirely on the bulk density assumed for the snowpack. Most widely used
density models, however, were calibrated on deep seasonal snowpacks in continental and alpine climates, in which prolonged
compaction and metamorphism cause bulk density to increase with snow depth.

Snowfall over the Korean Peninsula occurs largely under maritime, near-freezing conditions that produce wet snow with a
high initial density and a short event timescale. Whether the reported depth dependence also applies to this snow type has not
been verified by direct measurement, because concurrent, co-located observations of snow depth and snow mass remain rare.
The objectives of this study are to (1) quantify the bulk density of Korean maritime wet snow from direct co-located
measurements, (2) test whether it depends on snow depth once the mathematical coupling inherent in the density definition is
removed, and (3) evaluate how the choice of density model affects depth-to-SWE conversion.

2. Method

Snow depth and snow load were observed concurrently at three sites representing the principal snowfall environments of
mainland South Korea: Daegwallyeong (Gangwon; mountain plateau in the East Sea snowfall zone), Gubyeong-ri on Mt.
Songnisan (Chungbuk; mountain valley), and the Hoseo University campus in Asan (Chungnam; inland plain). Snow load was
recorded at 1-min intervals by a circular load-cell snow plate (0.40 m diameter; area 0.1257 m?) set flush with the ground.
Meteorological variables and operational ground snow depth were taken from the nearest KMA ASOS station. Load-cell
monitoring has continued since the 2023 winter; the concurrent depth—load dataset analysed here is from the 2025 winter, when
all three sites operated simultaneously.

Snow depth was read from time-stamped photographs of a
graduated staff beside the plate (Fig. 1). Because wet snow
accumulates on the circular plate as a rounded dome, the
photographed height was converted to an equivalent uniform
depth by an ellipsoidal shape correction, so that depth and
weighed mass refer to the same snow volume.

Because bulk density is defined as mass divided by depth,
regressing density on the same depth introduces a spurious

correlation through the shared denominator. Depth dependence

was therefore evaluated from the directly measured snow load,
which contains no depth term, by fitting P = ad® in logarithmic Fig. 1 Field measurement of snow depth and snow load

space: b > 1 indicates progressive densification, whereas b = 1 implies a depth-independent bulk density. Constant, linear, and
square-root models of unit weight were compared by leave-one-site-out cross-validation (LOSO) to assess spatial transferability.

3. Results

- 1S-05 -



IS-05 KX - KEREE BAKIRER2026 EERRRES

After quality control, 78 concurrent depth—load pairs were obtained, of which 70 were wet snow (snowfall-to-rainfall ratio
SRR < 10). Plate snow depth ranged from 1.5 to 29.0 cm and SWE from 4.6 to 70.2 mm. Bulk density averaged 0.248 + 0.080
gcm3 (2.43 £0.79 kN m3) and ranged from 0.068 to 0.381 g cm™3, three to five times the 0.05—-0.10 g cm3 typical of fresh
continental dry snow. Site means differed systematically (Daegwallyeong 3.05, Hoseo University 2.60, Gubyeong-ri 2.09 kN
m?), indicating that the snowfall environment governs the level of density rather than its dependence on depth.

The directly measured snow load increased almost proportionally with plate

snow depth (Fig. 2): b = 0.82 (95% CI 0.70-0.93), r = 0.94. Because the

(a) Load vs plate depth (directly measured)
P dA0.82 (95% CI 0.70-0.93) r = +0.94

exponent is close to, and not greater than, unity, there is no evidence of 06
progressive densification over the observed range, so the bulk density of event-
scale wet snow is essentially independent of depth. The constant model also
gave the lowest LOSO prediction error, and a representative bulk density of

0.265 g cm™ (2.60 kN m™3; 95% CI 2.46-2.74) is proposed.

Measured snow load P (kMN/m?)

The consequences for depth-to-SWE conversion are considerable. Event-

. . . . 5 1 15 20
scale accumulation densities derived from ASOS precipitation and snow-depth Plate snow depth (cm)

Fig. 2 Load-based analysis of depth

i A SatD 11 . B .
increments were about 0.10 g cm™ at Daegwallyeong, 0.06 at Boeun, and 0.03 dependence (wet Snow)

at Cheonan, that is 2.5 to 8 times lower than the directly measured bulk density,

so gauge-based SWE is severely underestimated. This reflects undercatch of solid precipitation and the fact that a gauge
measures falling precipitation rather than the snow retained on the ground. Plate and op erational ground snow depths were also
weakly correlated (r = 0.21), showing that ASOS depth is a poor surrogate for the snow actually weighed.

4. Conclusion

Concurrent load-cell and image-based observations at three Korean sites show that the bulk density of maritime wet snow
averages 0.248 = 0.080 g cm™ and is essentially independent of snow depth (P o< d°-82, r = 0.94), a constant model outperforming
depth-dependent alternatives under leave-one-site-out cross-validation. A representative value of 0.265 g cm™ (2.60 kN m™) is
recommended for converting operational snow-depth observations into SWE.

Because snow type rather than depth controls the density of maritime wet snow, and because precipitation-based estimates
underestimate snow water storage by a factor of 2.5 to 8, a directly measured representative density should improve snow water
storage estimation, snowmelt-runoff modelling, and the validation of satellite SWE retrievals. The dataset is limited to shallow
(< 0.3 m), event-scale snow from a single winter; extension to deeper seasonal snowpacks and to other maritime regions,
including the Sea of Japan side of Japan, is needed.
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Duration- and Rarity-Dependent Scaling of Extreme Precipitation

with Warming: Insights from Stochastic Storm Transposition of Large Climate Ensembles

Department of Civil Engineering, Tohoku University Wasitha Dilshan
Department of Civil Engineering, Tohoku University Yusuke Hiraga
Department of Civil and Environmental Engineering, University of Wisconsin-Madison Daniel B. Wright
1. Introduction
Climate change is intensifying extreme precipitation, posing direct risks to critical infrastructure such as dams, levees, and
spillways. The Clausius—Clapeyron (CC) relationship predicts atmospheric moisture capacity increases of ~7%/K, setting a
thermodynamic baseline for precipitation scaling under warming. For moderate return periods, global ensembles consistently
yield near-CC scaling (~6—7%/K) for daily extremes, while sub-daily events often exhibit super-CC rates (>10%/K) driven by
dynamic amplification within convective systems (Fowler et al., 2021). However, how these scaling rates evolve toward
extremely rare events with annual exceedance probabilities (AEPs) below 1073, relevant to probable maximum precipitation
(PMP) design, remains poorly characterized. Observational records are too short to directly sample such extremes, while
conventional statistical extrapolation introduces compounding uncertainty at the tail. Recent guidance (NASEM, 2024) calls
for a probabilistic redefinition of PMP, yet quantitative tools at these AEPs are lacking (Hiraga et al., 2025),. This study
addresses that gap by coupling Stochastic Storm Transposition (SST) with the d4PDF high-resolution large-ensemble dataset
to systematically quantify, for the first time, warming-dependent scaling rates across storm duration (1-48 h) and event rarity
(AEP 107! to 107°) over the Mogami watershed, northern Japan.
2. Method
The Mogami watershed (~7,040 km?, northern Japan) provides a demanding test domain with diverse storm mechanisms such
as typhoons and frontal rainfall, as well as high infrastructure exposure. The d4PDF dataset supplies 12 ensemble members of
5 km dynamically downscaled hourly precipitation (~720 years per scenario) under historical, +2K, and +4K warming (Kawase
et al., 2023), combining spatial resolution and ensemble depth for probabilistic analysis at extremely low AEPs. Validation

against 35 years of Radar/Rain Gauge-Analyzed (RA) data

supports reliable reproduction of observed rainfall frequency 400 ' ‘ I I I

across all durations. 350k \ w -
SST, implemented via the open-source RainyDay tool E '

(Wright et al., 2020), spatially transposes simulated storms §3OO | ; [ [ . } o ]

across a meteorologically homogeneous region, multiplying :;@;250 L -l 3_ - | i

realizations while preserving each event’s structure. The g T+ o ‘ ‘

Western Tohoku region (~28,800 km?) serves as the E 200 781 J j [ \ |

transposition domain and is also relevant to current operational o 150l T J |

flood-risk and PMP-related practice in Japan. For each of five 4}{&

durations (1, 6, 12, 24, 48 h) and each ensemble member under 100 107 107 109 104 109

all three warming scenarios, the 600 largest storms are AEP

. . HPB +2K +4K © Mean < Outliers
catalogued (winter excluded; Poisson occurrence A =~ 10/year). -

Synthetic records of 100,000 years are generated per member Fig. 1 Comparison of 24-h Extreme Precipitation Estimates
Across Exceedance Probabilities Under HPB, +2 K, and +4 K
per scenario, repeated 100 times to bound uncertainty, and Climate Conditions.

Annual Maximum Series are extracted to estimate
precipitation depths from AEP 107" to 107°.

For each duration—AEP combination, a linear regression through depth estimates at 0, +2, and +4K yields 12 scaling rate
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estimates (%0/K) per ensemble member. Ensemble Table 1. Climate Warming—Induced Change in Extreme Precipitation Depth

mean, minimum, and maximum are reported per Degree Kelvin (%/K) for Durations 1-48 h Across AEPs.

mapping warming-induced intensification across the

full duration—rarity space. Mean / Max (%/K) — AEP
Duration
3. Results

10! 102 103 10 103
1 hr 6.7/12.9 | 6.7/17.9 @ 6.5/20.0 6.3/23.3 @ 6.0/19.9
6 hr 5.3/9.1 5.8/14.5 6.3/18.4 5.3/16.5 5.0/13.9
12 hr 5.2/7.5 | 5.7/12.7 @ 6.4/14.0 6.0/13.6 @ 5.9/13.2
24 hr 5.3/8.6  6.2/17.9 6.5/19.1 6.9/19.3 6.8/18.8
48 hr 4.6/8.3 | 5.4/10.9  4.7/21.5 3.9/159 3.6/17.2

Figure 1 presents boxplots of SST-derived extreme
precipitation depths under HPB, +2K, and +4K
climates, for 24-hour rainfall accumulation. A clear
and systematic climate signal is evident across all
AEPs: median depths increase with warming, and the
inter-quartile spread widens under higher warming
levels, indicating both greater median extremes and increased ensemble variability at the rarest events.

Table 1 quantifies these shifts as warming-dependent scaling rates (%/K) across all five durations and AEPs 107! to 105,
Ensemble means remain near or below CC (~4-7%/K) for all durations, while ensemble maxima are consistently super-CC.
For 1-hour events the maximum peaks at ~24%/K near AEP 103-107*, with the mean flat at ~6—7%/K throughout, reflecting
high inter-member spread from convective variability. The 6-hour and 12-hour durations show maxima rising to ~18 and
~14%/K respectively, with the 12-hour response the most AEP-stable. The 24-hour duration is notably distinct: the ensemble
maximum rises sharply from ~8%/K at 10" and sustains ~19-20%/K across the full rare tail, suggesting a persistent large-
scale dynamic amplification. For 48-hour events, the maximum peaks at ~21%/K near AEP 10~ then moderates, while the
mean declines below CC (~4%/K) at rarer events. Across all durations, ensemble minima become negative at the rarest AEPs,
underscoring the irreducible tail uncertainty that only large-ensemble sampling can capture.

4. Conclusion

This study delivers the first systematic, two-dimensional characterization of warming-dependent precipitation scaling across

storm duration and event rarity using an SST—large-ensemble framework. Three key findings emerge: first, ensemble-mean

scaling rates are near or below CC (~4-7%/K) for all durations, but ensemble-maximum rates are consistently super-CC,

reaching up to 23%/K for short durations; second, the 24-hour duration exhibits a distinct pattern of sustained, rarity-intensifying

super-CC maxima, while 48-hour means decline below CC at the rare tail; and third, ensemble spread widens markedly toward

lower AEPs, revealing irreducible uncertainty that only large-ensemble approaches can quantify. Storm duration and event rarity

must both be explicitly incorporated into probabilistic PMP frameworks and infrastructure design standards under warming.
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Rethinking the mechanism of water evaporation

— Canopy rainfall interception highlights the limitations of existing theories —

Kyushu Research Center, Forestry and Forest Products Research Institute

1. Introduction

Shigeki Murakami

Water vapor flux E is proportional to the vertical gradient of moisture content in the air, which is the driving force of

evaporation. However, some studies showed that canopy rainfall interception CI/, evaporation of rainwater from the canopy,

increases with rainfall intensity due to increase in splash droplets!:?, and CI does not appear to be promoted by the increase in

the gradient. Moreover, some studies showed that the
majority of CI occurs under the canopy where there
were few leaves and branches during rainfall by splash
droplet evaporation?> 3. Those observational facts
have the potential to overturn conventional wisdom on
water evaporation.

In this study CI was measured at three different
heights under the canopy of a Japanese cedar stand
along with relative humidity RH and air temperature
T at two heights to evaluate the contribution of the
vertical gradient of moisture content to water vapor
transport, i.e. CI, under the canopy.

2. Materials and Methods

The measurements were conducted in February and
March in 2026 in the cedar stand planted in 201329
with an average tree height of some 12 m, the height
of living branches of some 6 m, the stand density of
5700 trees/ha and LAI of 6.7. Gross rainfall GR was
measured using a raingauge with 0.1 mm per tip.
Throughfall TF collectors consisting of five 60-cm
square funnels were installed at heights of 1.0 m, 2.7
m and 4.3 m above the ground level. Stemflow SF
collectors were set on eight representative trees at
heights of 1.0 m and 4.3 m. Since the difference in SF’
between 1.0 m and 4.3 m was the same as the
measurement error, the average value of SF at the two
heights was regarded as SF at 2.7 m. TF and SF were
measured using tipping-bucket flowmeters. CI was
calculated as, CI = GR — TF — SF.

Thermohygrometer sensors (HMP 155 with warmed
probe, Vaisala, Helsinki, Finland) set in forced
ventilation shields were installed at 1.0 m and 4.3 m

above the ground level. The calibration was conducted
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Fig.1 Gross rainfall GR, canopy rainfall interception CI, relative

humidity RH and air temperature T for rain event 27 Feb 2026.
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Fig. 2 Gross rainfall GR, canopy rainfall interception CI, relative

humidity RH and air temperature 7 for rain event 18—19 Mar 2026.
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Table 1 Measured gross rainfall GR , canopy rainfall interception CI, air temperature 7° and relative humidity RH and specific humidity ¢ at each height .

?ifrt; GR Clatl0m CJat27m Clat43m TatlOm" Tat43mb RHat1.0m” RHat43m? gatlom"” g at4.3m?
(mm 30min™) (mm 30min™) (mm 30min™) (mm 30min™) (°C) (°C) (%) (%) (gkg™h) gke’h
2026/2/27
16:00— 16:30 2.8 1.1 0.6 0.4 14.0 14.0 98.5 98.4 9.70 9.69
2026/3/18
19:30— 20:00 3.1 1.4 0.7 0.3 15.8 15.7 97.5 98.7 10.84 10.86

1) A 30-min average.

by the manufacturer for thermometers and hygrometers at several reference 7 and RH. For the reference 7 at 23.90°C and RH
at 94.7%, the discrepancies of measurements were 0.0°C for 7'and < 0.1% for RH, respectively.

Based on T and RH data, it was examined whether the measured C/ can be interpreted using conventional concept.
3. Results and discussion

For rain events on 27 February 2026 and 18 to 19 March 2026, GR measured at the open site, C/ at heights of 1.0 m,
2.7 m and 4.3m above the ground level, RH and T at 1.0 m and 4.3 m were shown in Figs. 1 and 2, respectively. In Fig. 1
GR, Cl at 1.0 m, 2.7 m and 4.3 m were 24.7 mm, 10.6 mm, 5.7 mm and 4.4 mm, respectively, while in Fig. 2 they were
21.0 mm, 13.1 mm, 7.3 mm and 3.9 mm, respectively. For both rain events C/ measured at lower position is higher than
at higher as shown by previous studies 23,

In Fig. 1, the maximum GR was observed between 16:00 and 16:30, with a value of 2.8 mm/30min (Table 1). The
differences in CI, T and RH between 1.0 m and 4.3 m were 0.7 mm/30min, 0.0°C and 0.1%, respectively. Sensible heat
flux H between the two heights was zero as the difference in 7'was zero, and E was also zero considering the measurement
error of RH. Both net radiation R, and the ground heat flux G can be assumed to be zero since it was raining under the
canopy. Despite H = E =0, R, = 0, and G = 0, measured £ between 1.0 m and 4.3 m was as much as 0.7 mm/30min, i.e.
951 W/m?.

For the rain event from 18 to 19 March (Fig. 2), I focus on the GR peak between 19:30 and 20:00 with the amount of
3.1 mm/30min as shown in Table 1. The difference in specific humidity ¢ between 1.0 m and 4.3 m was —0.02 g/kg (< 0).
The negative value means £ is downwards, which is opposite to the direction of measured E.

The results imply the water vapor gradient is not major driver of evaporation. Molar weight of water, 18, is
considerably smaller than dry air, 29, and water vapor has a nature to rise by itself (evaporative force) 3. It is similar how
methane gas (major component of liquified natural gas) with molar wight of 16 rises and accumulates near the ceiling when it
leaks into a room. On a larger scale, when water vapor condenses and forms clouds the volume reduces drastically. That also
generates updraft and promotes evaporation ®. Neither mechanism has been discussed in the meteorological literature to date.
4. Conclusion

Atmospheric dynamics during rainfall have been largely unstudied. CI is the key phenomenon for understanding it and at the
same time, it serves as a useful tool to verify a series of theories on biotic pump proposed by Makarieva.
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Physical characteristics of Atmospheric Rivers causing quasi-stationary linear rainbands in Japan
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ZUER LIS 2 2 2 T, ZOMIBDOREMOERZFHICHEET 2 Z e AR EZ o605 (1],

2 MEHT—2OF MY

IMD ON&EE 7 — X IEFAFKD 7 = 7% 4 b Data Service Portal (DSP)! %@ U THETZ %, DSP O
2019 4 3 Hichlth s iz, 7 — REUFOFH Z I DSP ICB W T ERE LR T 2 Z e oth% %, FIHEDS
73U —id D (department), G (central/state government organizations), I (research and educational institutes),
S (students), C (commercial), F (foreign) ® 6 DIZX 7SI TW5, IMD OF%E (D). HRBUFLMNBUT DI E
(G). £ (S) BEETT -2 2BUGTE 20, 2ofior 73V —OFHAEN T -2 EBUST 255 3HETH
%, KFRWMSETR & OWsE - ZEMBOE (1) 3B Aoz &, REMEOME (C) 3FEAlL L Taf%
A, SHEAN (F) bBEHOREZEHT I20END 2, HISTELINET — X EHWNEBLXOANED T — X T
Hb, FaxHEANEZZUIEANZL o TRAOMEIZ T —XBUSOBHPOL $ S ICEHEL KD TH 5, 1
M1ESOHNET — X ZRST28M13 2,820 L — (1 L ¥ — 1.6 & LT, 4,500 ). 539 His 3 E5D
T— X BT 2B HIX 2,652,620 V¥ — (#7424 JT) TH %,

BWDB O &7 — X EFATOY = 79 4 M2 2L THISTE 3, Lo BBLE 582 oW, FEI#
H DM EL 307 (manual stations), HENEHIOHIE 275 (real-time stations) TH %, FENEHH DM EIZ DWW T,
T BB ARINTVS, 1R 1 FTOHWNET — X ZHS T 52EMIZ200 &4 (1 &4 1.3 LT,
260 [9), 307 {5 3 DT — X EHUS T 2 EFHIE 184,200 X5 (K924 i) TH 3, HEMBIRIOHIE DT — ZHL
BERAEAELINTORY,

BMD OW#EE7— ZIZOWTIE, ARHAERLTHEREFTH LM, FHRED LI TETH 5,

3 JRL—F—T—2OFIAERTREMN

FEATHZE [1] 2R T & 51, MHRHBRICIEZH oKL — X =DM I TV 5,

IMD @ L — & —1% Agartala & Mohanbari IZH D, [FEFDY = 7H 4 FITBWTERHTABIATHS L —
X — 8 E OBIRIETSR T — X OB 2 HED TV 5, K2 1TRT X 5121057 Z & OB T — &2 %2 B REUF L
TED, 2023 F 2 HHHORUSHLE 2] LUK, ZhETIREBEZ3FETDF—X%EMEL T3, Mohanbari ®
L—&X =13, 2023 FIZBWTUIHH (BARH 6 25477 18X T) D7 — X DARB S TWA, 2024 1L
RIIEEOT =2 b RNAEINE L5112k D, ZORMIIBEDRI L TWB, 72721, 2025 4 8 HHfID 5 2026
#1 A LA TOMEET — X OREASTH L TneZd, F—REREL TN,

IMD O L —&—DEDTF—XIZoWTIE, ko DSP ¥ 13312 Radar Data Supply Portal*HE XA T\ 3
bOD, VrriDiD, FHESA FeAaZ b, FHEHEROERD TERW (2026 4 5 A 8 HBE).

BMD OBEH D L — X —1% Dhaka & Rangpur 125 %, D FAFTORMRICL S &, 77— X OEIFIIEIHTD
SANNDBREEE 725 HIABTH 25, BARNZEHSCT — 2K > =R, FMIERIETDH 5,

Ihttps://dsp.imdpune.gov.in
2http://www.hydrology.bwdb.gov.bd
Shttps://mausam.imd.gov.in
“https://radarapi.imd.gov.in
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N28

N26

N24

N22

T T T T

EéS Eéo Eé2 Eé4 Eéﬁ

1 4> FEAKBEILEIORER - KR — & B, 4 o OKRERMERZERL — X —0BHlEMERT, HZE LT
L > 250 km O#HIFZRL TW5, F23A4 ¥ FKGF IMD @ Agartala (FPEfHl) ¥ Mohanbari (ALHM) O L —
R—, BNV T 572 255 F BMD @ Dhaka (F#M) ¥ Rangpur (ALFAMH) O L —&X —DfiflZRLTW5, /)
XHALEIA IMD O &R NEREMEAIDBANY 757> 2/KBFET BWDB ONEHOMBEEZRL TV, KED
FRUIETE 2R T,

Agartala 2023 Agartala 2026
Jan Jan
Feb Feb
Mar e Mar
Apr Apr
May May May
Jun Jun
Jul Jul
Aug Aug
Sep Sep
Oct Oct
Noy Noy
Dec Dec
X USRS RS RS R
00 03 06 O 0 03 06 09 12 15 18 21 00 00 03 06 09 12 15 03 06 09 12 15 18 21 O
Time (IST) Time (IST) Time (IST)
Mohanbari 2023 Mohar 2024 Mohanbari 2025 Mohanbari 2026
1 L 1 1 1 1 1 Il 1 1 1 1 1 Il Il } } 1 Il L 1 Il Il 1 }
Jan Jan Jan
Feb Feb Feb
Mar Mar Mar
Apr Apr Apr
May May May
Jun Jun Jun
Jul Jul Jul
Aug Aug Aug
Sep Sep Sep Sep
Oct oct Oct Oct
Noy No Noy Noy
Dec Dec = Dec Dec
1 T T T T T T T T T T T T T T T T T T T
03 06 09 12 15 18 21 00 03 06 09 12 15 18 21 00 00 03 06 09 12 15 18 21 00 03 06 09 12 15 18 21 O
Time (IST) Time (IST) Time (IST) Time (IST)

2 £ ¥ FRGJE IMD 055 L — X — 0BG T — X OFAFREME, LB Agartala DL —& —, TED Mohanbari
DL —X—DRNERT, ZHDSIEIC 2023 5 2026 FEETOD 4 FERDIRMERL TV 3,

SiEE:  ABIFEE. JAXA EO-RA4 (fR%: KRB FH17, PI &5: ER4GPF018), JST/JICA SATREPS (ft&#£: 52 ). &
HOR2EHT SETFEATHFANSE (fX2%: Rahul Mahanta, FRREHS: 20261CG-01) O—ETH 5,

BEN@: [1] Kamimera and Yamane, 2025: Severe Storms, pp. 107-126. [2] FKR &, 2023: /K3 - /KEJRER 2023 F
JEMREHER R G4, OP-11-05.

F—DJ—R: NVIFIFVa, 4 VF, BN, WEE. L—%F—
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T 2TV Ky 7T =T 2 O T RRARSHIGR IC R T 5 BB D R 7 — v B E A&

FBRZER P T ER OBl RALARA
R ZEB S Fep HI T 54K

1. WrZEtEs s Bl
A, MR 3 T B AR TR RIS AL 5 R iR IC K D R K ERER P EL L LTS, #
KA R, BIRABERLD A # A4 7L IMNLRFTRLDO B X A4 ZIZHETE DL ERHLMNITR TS, D Vi,
TS OFRIR I R W O EF D FE LGP M OFE R BE 5 & MR ITRET L, A 2 A I3RS O K
RN ERSRE 1 2 b TR ET DRTRIES O OIS LT, B X A ZIE4ME 5 05l 11 Tk < A 6k IFEEL
ErARMT L TRET S HCHMMENRVER Uz, £/, B OB 2R IR T A o R A2 LA K &
WIZENBETHD LlR~7z. LanL, SRR OEIBELENER L TH 5 A CHMIEICED £ TO ¥Rk
AN = X LIKRIER 72 B2 O ORBURTH D . RFFETIE, XN FMP L—X CTEIL7Z Ky 7T —EGE %
WCT 2TV Ry 77— 2475 2 & T, SRR OFEBIRICBIT D EAMRO R — VR EHEE % I 5 5
THZILEEZHMNETD. £/, AL TEBAATOERKELETSZ L TEDOENVICONWTELET 5.
2. XFGEH LT FIE

o VoREHEZLEIZLT, B XA 7OHEGE L
T 201247 H 15 HIZRAELT-RMERZ, A XA
TOFEFE LT 2012 4 8 H 14 HIZHA LIZFIEE
MEABRIR L7, V= NELZX 1 IZRT. frktg s

1 (2012475 15B2:00

T BRI, IR ER A b kT e Yy P -\, LEEes)
FHETHAS L HIT, MR 00:00~04:00, F R e I T RS T T e
TR 01:00~05:00 & L7=. JTEHGICRE S B 1 ARSER(ER) & FIRERER)O L — X &

72450 XN RMP L—2 (Blgl, AH, Bk, M) 0BT —22MWTT 27V Ky 7T —ir 2170,
3WOTEHSG AT LTz, 22T, MEMGEILS 52 CTh by, EHMEEIT IkmX 1km X 500m & L7z, &RZICE
WCHERE L7z 3 oA O ¢ ERHEA 0.5ms! LLEDOERICER L, “ha ERfeLrE LTETSZ LT
BRI R DFEFEBFRIC I 1T 2 EFAMOZER A 7 — VBB L O EFROR S ORFHZ(LEZ A S8 Lz, BRI
YL ORI X B ALE )75 T & D CCL(connected component labeling) % 3 RoTIZ AW 2. IBEFFREIZKREDS Y OF
HEaZEIZLTEY, BET5 2 BI85 LAY VOB RLRERES DY & X2, FOMEHE Skm SN
ThoOGEEITEET 2HEENFET 256, TNUOEFE—O EREEL R L TEIF L. £/, R—& i
D LR N DEEGFET 2 HE IOV TIEME - DB HIE L. B - B0 LBEIZ OV TR AR DO K&
R ERRENLEER L TYTo72. 22 CREARBEALOEE L1 0.5ms! LLEO DO Z & Th Y, SRR D%

EAOFENRE O LAGE BT DIZ0IHBT 7 = [ e - = =
DRE R ERFEAZEE LTINS, s| = a3 AT 125 o) S e
3. LB E _ - :

ER AR - BRI B TR i;ﬁﬁfﬁ%ﬁﬁgmwmZimm;%wwammwm
FEIRD, 25 U R LIz LR VIZEBIT 5 2 %E%Eﬁ(/fﬁ)& FIRETER)O R L
K EFRORFREEX 2 173, 25 UL BT D e K F- i D RF ] 224 b

e Lz ERE AL OBKITRAMERTIX 6 M, FHRERNTIXIOMTHS. £z, AMENR CIIRKN EFHRA A ZE
LT 222 % 0 03:00~04:00 BUZIE 15 ms! 12T 2 EFWMAHFIET 5 OIZxt LT, FIRZEM CTlda k%
WL TS5~10ms! ORK EFRAGFET DL VI EVRHERTE D, bR ikt Lz ERELE, ARMZERT
e 19, FIRERTIEEAL 37T THY, ZNZNOBEMEEKNEZR 3 IC7RT. 2 2 TBIFLERX & B R4
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HLEWZLTRY, ZOBANLHFACHTHECEN > TS EARELVEZBERO L )ICET Z LT, oLk
WTTED EFREVRRAE - 8 - DBEL T D0 &R LTS, ERFEE VO 2R 7200 BRI O K&
SFBELTVWRWKTH D Z LICEES LY. BRZENOEL 19FHERLTHLEALNRBHETHDDICHL
T, FIREROBALITEFEBRLTOIEAN 0 THY M 2MHEDOENDD LD,

ZOZ D, BHERIZLEN DB ORZER A — LD/ E WD ERREAGEEOSBEA Y BT 2 LT, 2R
=N DRER—DDOBN EFRNBFBET DL WVIHIRFERH DL LD, —F, FIRENITEL208LT Lo
e RRfEe T 2 VAL BB L TR Y, 2O AR VB EMICHRE 0L T 5 2 & Tk BRI
HELFTDENRD.

49 53 4 old N
. % =W 19 e o MRRE ] (ll)$7ﬁ§m= 137
1 KRR - e 21,30
i I
a s0 52 67 o 4 1828 32

o WmRE : S s T e Nyt
" o A ﬁ%ﬁ W2 172224 34 69

[ \ alla a'e @ Y
§ m’-ﬁﬁ 39 43 as 58 65 68 E A \ ‘“ 5 7

| o A

i v HE £ | st $ 1 i =y A 2 s

A | \| 1013 (2027 s 59 6368
s QEK 34 38 2 a6 51 56 57 64 3 4 [ Af ° a4 A A
g s 4\ 4\ , [ VA 4 i ) \/ 1925 36 38 43 aa 58 67

\ | \ H o— | alal | ala 44 —a
30 33 36 37 || \l as 47 48 | 54 35 60 6 | 69 70 3 8 | 232931 | | 3940481\ as 50 53 56 57 66 74
° A & st \la— A M= g\ A o \a & N o laTh v 4 4 a—\a A A | a— A
‘ i ‘ ‘ 2 VA "A%\"A
g - > - A > - > 1 a 7 \ a2 46 48 51 76 81
-— — al

B P PP PP PO P DO PP PPN DD PSSP SO0 D D D D N A0 0 2D D 40 W0 P DDA 20O 0D DDA D D AD D WS
°~. PN Q". Q’V °"’A Q‘v Q’V Q’V Q‘V 6"‘ Q’V Q’v ﬁ"" 01‘ 6». Q‘yl 6" 0‘* Q”‘ 0"- Qq' QﬁA 6" 0’5‘ Qﬁl 0"‘ Q" °~' 9"' 5" Qs. Q'V °’V 0"" Q’V Q’V 6‘" °’V Qw' Q’v G'v S’v Q’V “”l 6" Q"' G’y' S". B”l qu Qﬁ' 6" 9”. °'§' 5”' Q.l Q’. 5.. Q‘. B.l Shl Qh. 0.. Q"

X3 BMZEROE/VI19ERK)EFIBSERO L 3706 KO B

TaTINVRy T —fRITCHEE LT ERIEE 3

WILIZKR L2 O &K 4 1I23R7 . #HEAD 0.5ms! N

4
’

LUl R232.0ms!' O BRI TH L. AN, F
BHENE BITEB A7 — VO KO EFFEAE R
STWDHI ENHERTE D, iz, BAMZERIT—
DR E R FAFEHRPHFETE D015 LT, FR

S5 T BRI ZE R A & — L O/ & 72 B RO 5R 4 BFERCER) E FHERGER)
WEIEL TV AMBEMICH D &V Z D, O EFHiED 3 Rt
4. F&0

ZNENDOFEF O EAROMATHRE RS, B & A 7 (A SR IZDE O EFEE T K> TEB AT — K
SRV ERFENARET D0 LT, A A FHIBME)IEZEO LAREAR B L TRET DL E VD Z LR
HEIND. AXATIIMERIRIC X DRI ERIPICIRN Y 28> T b 72w, ERFESER 2 72 # S0 6584
L, BENTALE CHlA2 O ERFEHNARET LB 005, —FH T, B A 7IEH CHMBRIEIC X - THRIRIRR D
FWA O R T BRI ADRBEL, THRACHT TENLR—2DOKRE 7 R E o TRETHEEZILN
5. AR TIZAB XA 75 ZNE 1 FHT OB LIZHBRTH DI, SRITMOFEHICEBNTHREKTH D0
HOMMZLTnE L.

BEFE

ABFZEIL, JSPS BHFE 24H00291 (FEEMFIE A)D B A% T TiThbnlzb D Th 5. F£7-, FIH L7z XRAIN 7 —
203, ELZ@EICLVEN - ESh, T—FHE - i A7 L (DIAS) B L TRk DTHD.
L 2B N
1) - f&H - $1I6(2024)  REZEBIREME 2 B 8 L 72 50 W RS ERROG BER il BB d 1 D384 - REIERMFM A AR

Br, ARSI, Vol.80, No.16, 23-16006, 2024.

2) K - [1H(2024) : XRAIN % W 7Bk VIBEF RIS K 2 8RB K N O Bk FEZE M4 E o & Bk, BAR%

DERCHE, Vol.80, No.16, 23-16076, 2024.

% —7 — K : line-shaped convective system, self-organization, Dual-Doppler Analysis, XRAIN
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NEEFN D DBAKIGHEE D T2O DT Fu 7EOT — &AMl « #EE Y 2T A ~D I

TERFREY E— ey ZigEt 22— O, BRI AE. RRFHELE . ik =]

1. ZLU®IZ

T, [RUEEBORENBEELT 29, KLET T LY ZORBEFM IR 2 IZiThbilCE 7, TORE, MYk
BT IZ CE DT RYICELIHERRET — A B TH D Z EBNEE LW, FrICREKEIIKLET L
WS THERAERTHY, MEIZINDIEST, RYICOI2BEBEKET -2y MEERT 22 L DER
FREW, 2O X5 RT =4ty NOMEIC, WENSHEGANICBIIIA T SN TE ZMEFBNEZERT 52 &
THEERTFETH D, EE WEHX—ADBKETr X7 h& LT, GPCC (Schamn et al. 2014) <> APRODITE
(Yatagai et al. 2012) 2SBHFE S L7c, T DHITREK - REEA S —Ar DT w7 N Th L2, HABTIE APHRO_JP
(Kamiguchi etal. 2010) X Hatono etal. (2022) 728 XV @G CIEf S T2, b7y Mi, WEs8E
B2 W BEEEINEE 1L (inverse distance weighting; IDW) & Z OFEREIER, @% 27 U ¥ 27 (ordinary kriging; OK) & \»
STEFIEIZ R TEMPIFET 2 Z & THREINTWD, Zb O FEIL, EARKICBI S OIS C-®
IR E LTI 2 FETH Y . FiRfb Sk oz b+ 2 m a2 b2, Lo Laed b RKBRITHIE
FORBL Y BNRFTEE RO ZEHINTRIC L0 FiE b S BRI RERICBEZICAI L2 b O TIEZR
WEENRD L, £ 2T, R TIEN &R S EZMWNIFE AT - 12356 T R 2R BE K40 % #EE vl e 72 F
HEELTC, THhulEe_—R L LEEMNFETREEIRET D,

ThaEEE, WONBT — 2 b EMANY — U EHEE - THTAE, BEOWKRT —FRX—R (I
27y o, BEOK B ERD L T2 8E0FEH (THur) ZHELHL, ZO#MEDREREZERM
HWRAEBIEOHEIHAT L2 FIETH L, ZOFEOHRE LT, B¥a V7 REEOBINCIESNTNDTD
DD ZEMRE — IR B 0 S VEE (BRSG72 AE 72 &) 122012 W2 ERFTF oD, Fo, M
REWNET VERIST LG, ZHERT U TV ERANDLZERTE LA BHRTHSL, RIFETIX, 7FHa 7T
VTNV ERWES 2T, MEFEELTT UV T AT — AL ER A S D D TR L ITHI R A HEEE T A

LTI L7 Funk-SVD Z#fiffl ik & L CISH T % FiE (Chenetal. 2021) @ 2 fEfH A H 5,

2. T 7T — 2 EMRIC K D

F=RELFED—D>ThHHN~ 7 4 LV EZ O ORIT. Fitok (1) TEEND,

x* =x? + BHT(HBH” + R)"!(y° — Hx?) (1)
ZIZT 27Uy FEAEN, WEHEAPL LT, x% € RVIIMNTE, x? € RVZERIE, B € RVN|3iY Ridse i
1751, H € RPMIIHEFHIEITH], R € RPPIIBINGRZEL S BATHI, yo € RUIIBIHIE TH 5, 15 S fExP &5 s

I3 BATHIBLUA OITFNL Y 72 E % FRICHEATRETH Y | WREXLIZT Fa /7 vy I voT v v 7 T
Bk, WHREELDEITIIBE T Tl T oY TN E o THEBL, 7o T A~ 7 g ZOT A
ALERANWDZ LT, MEFERE L COMIMEXEZT oS TAEHELTRODDZENTE D, KFEE LK
analog offline ensemble Kalman inversion (AOEnKI) &WEFRT 5, E7o, 7o TN~ 7 4 v Z THOLNS
RFbE AR THERA L, 7TFr 7 o TS - MilllE 1 e D EIAT O, SR T v T oY
YTV T T —ICL Y RREEL VT TR HEN A OBIIN RSB ARSI LA SHENTH D,
3. Funk-SVD (2 X % #fi ]

Funk-SVD [3H#EEE S 2T & & L TRESNTATIIDMRFIETH D, HEL AT L LiX, 2 —F—DORELF & pEM D
Fr & WO RMDZWE RTINS, RMOMEZ TRIL CREMOHEEZIT O 12D AT L Th D, F7IT Funk-
SVD % 2006 4F-® Netflix OBREHERE 22 T ¢ 29  THREE R LT FIETH D, KFEZ, 2—F—TL -7
i Z & DWTER 77 ML EHIH L, KT 07 D 2 DOTHIOE TIROBE R 21T % KEFHE 4@ L GERlT 2+
ETHD, TOBERITINCKRP R B> TH, FHARERT — 2 bk SNz 2 2OKT v 7 BER T2 L
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2022-07-18 16:00 (AOENKI) 2022-07-18 16:00 (AnaloglLocalFunkSVD) 2022-07-18 16:00 (OK)
MAE: 2.98, RMSE: 7.63, R: 0.841 MAE: 3.19, RMSE: 7.55, R: 0.818 MAE: 3.32, RMSE: 7.79, R: 0.785
2022-07-18 16:00 (RRAP) SSIM: 0.655, CRPS: 2.49 SSIM: 0.581 SSIM: 0.470, CRPS: 3.21
32’3 S5°E 130°E 130.5°E 131°E 131.5°E 132°E 130°E 130.5°E 131°E 131.5°E 129.5°E 130°E 130.5°E 131°E 131.5°E 132°E 130°E 130.5°E 131°E 131.5°E 132;59
3 —y . - e o N 2 34°N
b q 2 O
)

9

Se | 31.5°N

31.5°N

o — o — o~ o —

33N 5°E 130°E 130.5°E 131°E 131.5°E 132°  130°E 130.5°E 131°E 13L5°E  129.5°F 130°E 130.5°E 131°E 131.5°E 132°E  130°E 130.5°E 131°E 131.5°E 1323k N
B B ]
0 10 20 30 40

1 OK O Structural Similarity (SSIM) 23K <. AOEnKI * Funk-SVD @ SSIM & D ZEMN K & 72 - 7= F ).
LU fRATI & (B, ZoHMIZ /L2 BIEIC AOEnKI, Funk-SVD, OK 2 L 2 Mk %, HALX mm/h

OFEIC LY, KEMEIIMM S D, AFRICBWTIE, =—F =N 7L, ELBEBAKA N N (L) (2%
T HHDELTEDLRD I LT, BARSMOMBNIIGH T 2, 2 2T, Funk-SVD D FE4T 34 Mt R RFZ DRk
BRI CIEARTTRE R 7o, T e ZiE T/ o 7 AHa 4 5. £ 72 Funk-SVD IZ X 2 4] T %, AOEnKI
THWDRAMED T A 77 2T 5,
4. FEBR - Ham
JUN D AMeDAS BLHI S 5 OREKIGHEE #1772, AOEnKI & Funk-SVD D b#gxfge L LT, @7 VX7
(OK) #H\W5, £ Z CRHlifEiE D —>Th v | RN HEE O CTh 5 Structural Similarity (SSIM) 23, OK T
i< AOEnKI - Funk-SVD & DZENR K ERSTZEFATOEITLHKREZK 1 1277, ZhEDKEY, WEITEH
AHLNTELT OK TIHHEEICTKRBM LT A » EOBAKBMPETLTE I LN D, £, oD A< b
R L TH IS OB FIEO B Z 1TV, EHMIIC OK L0 HENZFHEEENSELND Z & E2MB L TW\D,
Tha B MBS Y e S FEETH D Z E Ny Tn, BRI A X2 b oY T
WYIRNBIRTH D720, BEMTAEETEZ W58 I3 TABB AR LALTH L8, 7 u 7k
WEUNCEMET 2 2 E MR CTE o, o, BIRSNET a7 o3 v 7V A B Al RE . Al R o AR m]
RERPED E V. 2N OITEFHEA 2B THWONET 4 — 7 7 == ZIE R WRERE Th 5, + 7R lT —
ENMETHLRITEEATHLN, 7IrEET 4 =7 7= TORLRREFIERY 9D LEE R D,
[#E] ARFZ21%, JSPS BHFE: (24K17351) O X EEZ T FEM S E Lz,
EEBEN
1. Hatono, M., M. Kiguchi, K. Yoshimura, S. Kanae, K. Kuraji, and T. Oki, 2022: A 0.01-degree gridded precipitation dataset for Japan,
1926-2020. Sci. Data, 9, 422.
2. Kamiguchi, K., O. Arakawa, A. Kitoh, A. Yatagai, A. Hamada, and N. Yasutomi, 2010: Development of APHRO_JP, the first Japanese
high-resolution daily precipitation product for more than 100 years. Hydrol. Res. Lett., 4, 60—64.
3. Schamm, K., M. Ziese, A. Becker, P. Finger, A. Meyer-Christoffer, U. Schneider, M. Schréder, and P. Stender, 2014: Global gridded
precipitation over land: a description of the new GPCC First Guess Daily product. Earth Syst. Sci. Data, 6, 49-60.
4. Yatagai, A., K. Kamiguchi, O. Arakawa, A. Hamada, N. Yasutomi, and A. Kitoh, 2012: APHRODITE: Constructing a long-term daily
gridded precipitation dataset for Asia based on a dense network of rain gauges. Bull. Am. Meteorol. Soc., 93, 1401-1415.
5. Chen, H., S. Sheng, C.-Y. Xu, Z. Li, W. Zhang, S. Wang, and S. Guo, 2021: A spatiotemporal estimation method for hourly rainfall
based on F-SVD in the recommender system. Environ. Model. Softw., 144, 105148.

% — U — | : analog method, rain gauge, interpolation, ensemble data assimilation, Funk-SVD
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| ety a > (OEER | REKEE - BRIKEE - KBEHAY |
#2026F98 16H (7K) 14:40 ~ 16:10 | & 2F7<—JL(2F)
[0S-10] FiHKERE - B/ KER - KREFEHRF

EER: R HSE (WM AS)

14:40 ~ 14:55
[0S-10-01] JAIJ117K3E DRy K ZE 1k DAV D 73 4f
*EF R B RG? (L R ARZERR. 2. B RINERA ST

14:55~15:10

[0S-10-02) BIAFIC & B KEWRFRICE > TR EHFDEA B EIREHNES BT IO
~H—FRROBELEWEMENRE LT —XA XA T 1~

R FOFL ) BBa0L2 (1 ERAR AR TR RAZRL. 2. ERAEERRE S 3 VARE Y2 —)

15:10 ~ 15:25
[0S-10-03] SSP> 71U A Z AW /22099F & TO ZEHEREKE 7 A

“EE AL, BT A2 RRCZES AR (L BRRAFARRIFRAARNLSERFER, 2. WFA
FAFRIFZRMIERL 3. EIMRRAREAN BX - ROERBIMTESHZIERE)

15:25~15:40
[0S-10-04] FR/NRIRTRIKIC 17 B KBIR D FEHBIETHEIC AT 7o ERERIE
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1) Kawase et al., Identifying robust changes of extreme precipitation in Japan from large ensemble 5-km-grid regional
experiments for 4K warming scenario. J. Geophys. Res. Atmos, Vol.128, ¢2023JD038513, 2023, DOI
10.1029/2023JD038513.
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5) Hoshino, Annual patterns of mountain runoff and its long-term trends in Japan based on dam inflow data. Hydrological
Research Letters, Vol.19(3), 149-155, 2025, DOI 10.3178/hrl.25-00009.

6) Kuroda et al., A heatwave-related mortality event of endangered Sakhalin taimen Parahucho perryi in northern Hokkaido,
Japan. Ichthyol Res, 73, 170-176, 2026. DOI 10.1007/510228-025-01026-x.
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Building stable livelihoods for low-income households. (2023, October 1). The Abdul Latif Jameel Poverty Action Lab (J-PAL).
https://www.povertyactionlab.org/policy-insight/building-stable-livelihoods-low-income-households
% Ehsan, S., Abdul Maulud, K. N., Begum, R. A., & Mia, M. S. (2022). Assessing household perception, autonomous adaptation and economic value
of adaptation benefits: Evidence from West Coast of Peninsular Malaysia. Advances in Climate Change Research.
https://doi.org/10.1016/j.accre.2022.06.002
% Adade, R., Dukiya Jehoshaphat Jaiye, Ama, N., & Okhimamhe, A. A. (2023). Adapting to Changing Climate: Understanding Coastal Rural
Residents’ Relocation Intention in Response to Sea Level Rise. Climate, 11(5), 110-110. https://doi.org/10.3390/cli11050110
* del Valle, A., Scharlemann, T., & Shore, S. (2022). Household Financial Decision-Making After Natural Disasters: Evidence from Hurricane
Harvey. Finance and Economics Discussion Series, 2022(015), 1-47. https://doi.org/10.17016/feds.2022.015
® Lahiri, S., & Biswas, S. (2024). (Im)balance in household balance sheet in the aftermath of a natural disaster. International Journal of Disaster Risk
Reduction, 100, 104174. https://doi.org/10.1016/j.ijdrr.2023.104174
® Adu-Gyamfi, B., Shaw, R., & Yan, W. (2020). Assessment of housing exposure to accelerated coastal erosion in Keta Municipality of
Ghana. International Journal of Disaster Risk Reduction, 44, 101450. https://doi.org/10.1016/j.ijdrr.2019.101450
" Addo, K. A. (2013). Assessing Coastal Vulnerability Index to Climate Change: the Case of Accra— Ghana. Journal of Coastal Research, 165, 1892—
1897. https://doi.org/10.2112/5i65-320.1
8 Blessing Charuka, Donatus Bapentire Angnuureng, & Samuel. (2023). Mapping and assessment of coastal infrastructure for adaptation to coastal
erosion along the coast of Ghana. Anthropocene Coasts, 6(1). https://doi.org/10.1007/s44218-023-00026-6
% Wachinger, G., Renn, O., Begg, C., & Kuhlicke, C. (2012). The Risk Perception Paradox-Implications for Governance and Communication of
Natural Hazards. Risk Analysis, 33(6), 1049-1065. https://doi.org/10.1111/j.1539-6924.2012.01942.x
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1) Graham, N.T., Hejazi, M.1., Kim, S.H. et al. Future changes in the trading of virtual water. Nat
Commun 11, 3632 (2020). https://doi.org/10.1038/s41467-020-17400-4
2) Dalin, C., S. Suweis, M.Konar, N.Hanasaki, and I.Rodriguez-Iturbe (2012), Modeling past and future
structure of the global virtual water trade network, Geophys. Res. Lett., 39, 1L.24402,
d0i:10.1029/2012GL053871.

3) Sartori, Martina, et al. "Modeling the future evolution of the virtual water trade network: A combination

of network and gravity models." Advances in Water Resources 110 (2017): 538-548.
4) FAO (2024). FAOSTAT Detailed Trade Matrix. Food and Agriculture Organization of the United

Nations. https://www.fao.org/faostat/

¥ — 77 — F : Virtual Water Trade, Bilateral trade, Future projection, SSP scenarios
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ZDOEDIT, WRIBHIEEN K E WVIE E EBAFHE O AN K E WO R EBIIRHIII TV <, WIS B
INEWE EEBRIRHIIZATORLT WA R BRI O FERITHE L W E WO RENR S LD .

Lo, #Hl O LEMEITBI O LT SRMBHBO R E S 72T TIRRE SRV, FFICEREE - ARBROBLLET
3, BT ToH - THRHE O BEMEITE V. TFEDOBRFEHK~OERICE LT, NS OBLHITE
FABRIHITHEMT 2 Z R PRIND. 2L, KRR TIRREEE IS U CTREREMLLTW—T,
BREE - ERERICBWTIEZ OGN LT L R TIERWed Th 5. Bz 13X, Freemanetald (X, /MAJINZAE
B 2E0HERDN, WillE T RIRIC B T DR ES RO SRR TIZ RN Z L 2L Tno.

4. KB & RS

AKAL - VEEBLHNE, FK - (K - BEOWTIICEWTHHEEREBEE R TH S, LrLl, —KICHEOEE
UL, AROLOBENTIN 2 TAKRAL— R B MR O LB TH D 9, fkfeay 728l & BLHLESE A 1F O 72 O BLAIA
REWMM, KR 2B EBSI T COBMBIHZ T 5720, F/NBRE TIZLZE LICRERINEZED 2 L
HARRE G Tldlew.

7z, KEBRIZHOWTY, ARRRESAEFREOMRICEWTHE TH 5%, m MBI E 21X
R e ORX (&« B« KE WO HEET L. 207, /BB CIEE M 2 8KBIINC RE S v
<, BEMRRREH 72 SERER O K EEBH A A2 2 12V, 2o 2 &iF, SEFREOBIHNEIZ RSV Ttk o
WREZ T T2 Z L2530, EEORNEAHCKELZEOHIEITRY 24E L SEHARHERD 5.

IHIZ, KE - KE - AEBRIZEZNAZIRD SN DBUABHE LM A 7 — A3 R 5720, ZBREFESG L
FRARHE 21T O BRICIE, &7 — X OFRFHRY - ZRNES 2 EO L 5 IR T 200 B E 2 5. —FHT, Huh
BRI AR RREOBLANOEETH Y, MHEEO@EMEZIERE T2 5 A TERTERVWHETHD. L
oo T, A%OF/NIBRIEIC 1T 2 KTEERFHMN CTlE, BUSEBIH R Z T 720 ¢, Ro =8l &
Db & TMAEEIZEHRIL, COEREETNVETHITET 2NE2EHHETILNERNDD.

5. £&0

ABFZETIE, WREERGKEHOBLEN G, FIK - K « BB O =B RISV CKIEER O Z BT IZ 4 F 72
RR B L7z, ZoRR, —ERIIMACHHO LA SBRICHY, MHNOERT L OFIOATIE R, £h
OOYMERMR A FE X TN ETH DL LB L.

F7o, AAROFINTIE, WREBEHRBLWIIX T L0 B ER SR L BIERHRI A RE S B 2 2R LTz, I
H NI O, FBIAFHMNIT A S L9\ — 5 C, FRIRFHIZ X2 DU E - KET — R A2 LT
BY, FHEEEAEH CTHD. 20X I, BRI U CTEBMNRHE & BEMFEMOFERK LT INERR D
RIE, SBOFHESIEEZREGT 29 A TEERRATHD.

PLER Y, FhHERIEIC 3 T 2 K8 O B BIRIFHMIC IV Tk, BT — 2 O R R &l & LBl T
AL DR D MLETH DH. 5%I1F, BIHKESCRIPTREZRT — 2 IS 0T, COfMEEA 281 L, oA
HEZETNVETHIETD20EWVIBLENG, BEHFTRRRIME Y L— A2 HETINLEND D,

2 ik

DM (2021) U X—7 v MEEFTHE 2 32 %5 ppl13-20

QELAGEE R—LR=T b0 TR G KEE | O, 2024 £ 11 1R (X T A V)
URL: https!//www.mlit.go.jp/mizukokudo/mizsei/content/001842732.pdf 2 H 202645 H 1 H
3) Freeman (2007) .JAWRA,vol. 43 No.1,pp5-14

HART(2010) I BB O FTREA, 2010 4 9 S

% — 17 — K : River basin management, Flood control, Water utilization, Environment, Hydrological monitoring
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FRE A E B E 2 T2 BERT-DMOE R - & FIZEE T 2 i BTk b

UMK OFREL, IR TE =K

1. HxEAm

RO, BREICE T 2REE X2 2 K& IR & LT, WK OF A 22 Higk 2 s dy < 2
LEESNTE . BHOKEERIC L 2R TIE, 2EICK 15 DEFTOBRERZDMPFIEL, £OK 7 EINEE
% 200 FLL LA LTS, 2 b, #ERHAKORTE & D AROBEREIZIN A, BILSE 2T
HAKEE & L TEMSRRIEDO R AR RBLOFRIC b TS L C& 2. £z, T LITRES D HEFRFE B
TE3I, HER R ORESCKEFEI T T, HkFEROLFEFEESCTHOME L L THMEL T, B¥
MO REARFIIERIC L EE 67, HIOKIEER, AR, a3I2=7 42 XX 5BERHIRERTH 5.

— 5T, EFEFAAEDSER, EREEOZMIIHEY, REMOMOMERE B A M > TENEEIL LS
D5, %< OIZHHITEANSCHIKOERIC L - TEH SN TE Y, Z ORI 4 RO REE
ICREKELTER., LAL, BEAFAOEADSLERE ORELAELT T, 5% T X TOROMEIERLE
FRRICHERE LT 2 2 SIZREIC R D Ex DD, ZO—FT, EWEEEIES SULAIME O BLE 2 SR 2D R
HHNDHTDODMBHEET D, I HIT, KUEEEIHE O BEAY — o D2 T, BARMISDTZODKERE LTD
TOMOBEEZEmD D & L BT, WAKEMNZR EFHT- 2B~ AR L TN D,

ZOXOI, BEMOMEZ D CLHEIE, KERFM, HERERE, B, R, HEBHSOBRENRERD S
SBEMRMETHD. L, REICERBRENHFET D72OMIZONT, Hx OFEEBLZFEMICERET L Z &
BESDTERY. Tow, EFIREEREOT —Z kS, CoMil T o toRiE TR E VLo )
Fo EOHI THEFFEFLOREEME RS E D00 EIET 2 ZENHEBETH L. UL EOERERE 2, AT,
EEOTIF 235 E LT, [EEEE ANEDE2EE L o>, BERTOMOKENE L TORHTREN &
FFEBORATREEZ iR 2 Z E 2 AL L.

2. F&

AWFTETIL, BMKEENAHT HREMZDM—EE2 AWz, 207 —2I120%, 2023 4F 3 AR THER S L
7o 2ER 15 HEFTORERTZOMIZONT, MLEFERICINZ, BEE, 25, IKEREOFCHEH I T
5. T2HOMD S ATCTE R T I D P P E SRR AR IC L W RE S RARD 2 &b, HAZ 8 HllIZIX L,
TTRTAS B T A [E A 2 ) 2 beise L 7z,

TR Z & O 7= OO RS Z R 3 5 72 D12, RAFFE TIX 172 kK& A A (Reservoir Water Availability:
RWA) | BL O T#HFFEHEREEN: (Dam Maintenance Difficulty: DMD) | @ — >R E L7-. RWA IZ,
FHETANC AR 2 BEM T OMORETKEE, 10 FEeRE KK R L I EEORE CTHRIZLICI VRN L
7o ZAUE, BKERCE LN ABKEICK LT, 7o EOREDITKEEN 26T 5 0 E AR THE T
H%. —J, DMD I, &7-dhotEmo " F AR EORBE2 I Z L ICAF L, Tl AN THRITZ &Ik Y
BH L7, 2, SBEOEX] D FEOHEFFERAHICK LT, HURA DN EOREFIET 2023 RTE
BETHD. MIEEE, SEOTITAFE Tl TE S X212, dERSMmICE ST ERLZ.

I BT, MFROKGEEEB B LOANABDORELZZET 5720, FEREAKR L RN R Z AW CTHFEE DR R
Rt L7c. BEXBEORAKEIZIT APHRO_JP O HEKET —Z 2y, 1981 4005 2010 4 £ TOHERK
BD 10 FMeRE KK EZ R Lz, FERBKEIZE, AAE 5 km fRE O KB T >3 o 7 A5k T
— X2 & H, RECEERIE 4 EAEREIBEEROZEND 10 FEREKFEKEDOZELEZRD . FERADIC
DWTIE, 2020 FEBFEOTRIABIA Q&2 LML U, B2 haRiE - N RBETIEET N AR T 5 AR, /Mg
R, HAEREZ W a—R— FERVEIZL Y 2050 FEHO ANA ZHEEF L7z,
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3. fEE
BIERME - BIEA D2 S<
FEHE 2 el U 7= 55, RWA 13

KX - KERFER

(a) The RWA metric

Projected future change

FKIRZER2026 FEHRFARS

(b) The DMD metric

Projected future change

e M .o :
WA PRI 5 & ORI UM o0 - oo & 0
TEVEZ R LT S Ol 0 0o
BT, MBS T i = 03 04 s
%, B R ARHIC D 721 - el >
ZEITEY, BKRRIBT B - A )
WA DA KR & LT OB - EHY

D3 < Gl S iz, —J7, DMD
VX E R T N R S L OV AL
H G N CRVVE A R L.
T AU, N A MR i
BT, EIROHERE IR
HHI AN O OHBES/ NS N E 2L T\, F70, MER XU S0 KEFEM TS g &y DMD 235589

b, BIBLHEEEOL & TREDOEWIZOMA L, HEFFEHRAENRKEWI LRI I T,

RWA & DMD OBARZHETA Z L1245 &, Ml T & OAESITICHERZR N R 5. dbifEE Tk
RWA 2MEL, BEADMOKEN E L TOMMH AR BEMTEVE 2R Lis, —J, OB % 5 TR
TIHADBBEARZ N LA L T DMD MEVME\I Z7R Lz, £, ZOMNRZWEAAROHFTE, HEH
FOWE T, rECIUNTHERT, KA E L COFARTREMEIC ) U CHERFE B o IR EEE 2SS O iy
KN 5 LTz, ZORRIE, U [T2omnZ 0 ThoTh, KEJRE L TORIEHN T/ il
Ll oMtk b, MERFEBEORREN ERE & AR DM R 5 2 L AR LTV D,

FERHEFT OFER A U R T, RWA (32 < Ol © LA T 2MmA R Lz, ZhiE, fRD 10 FrEEig KRk
BT HHUIICIWT, 72O ORTKEE MM AICEREIC D Z L 2B L TWS. —F, DMD A A
DCENEEIC BRI AR Lz, FFIZ, BIET TIZ DMD 2@ W IUETIE, PR S O ICHERHE BE A #E:
DEEDLZENRENT. o, OMED LT, k1oLl LTI TE 2T
PR AL ILINIZ IR BT, Be kR0 dtdb i N 70 &, R ES U BAE T 5 TRTANIS & IR A 2 TREME
DARENTz., 61T, BARERMAD LS R AOHBEORE WHBIZE W T, KUEZENIIEVWKERE LTORD
MO EEMEN ® E D AREMEN B 5.

UEDOFRERDG, BEM-OMOER - JEMICET 2 HEF OMBEIL, DR e b = o0FMICEH TS &
ZEzonb. F—E, AABYOETIZL D HMERFEEORMEMES P OREE 2ok TH D, 5B I0x, BK
KR OBAN BB E L COFRFIANTLIREE 22 TH 5. H 1%, HERFEIHEOREEME S KERE L
TOERBEEBFRIFFICEH WL CH L. 2D OFRBEAIE, WELFEE S hREBOERE LTHEATEY, |
T OB HAH & R R O KRR 2 —REICHE 2 5 SN 72 8 OB 2R LTV D SO T2 D IBUR O H
BEERIZB W TIE, REHEOEMEIZ L > TREOMOFEFRCRE L Z W 2 0 TIER <, TR 2 & 0 BREM,
thgetr, PR 2B E X B - IEATHERTFT 22 &Rk oD, ARIFRIL, BERAOMEZDID
FRRENE B ARICRE S Uz ik C1d7e <, REEEh & AN o b & TREMICEEEL L 9 2 KERE R E
DIETHLHZLLEZRTHDOTHD.

[FHFERE] A 72 13 SCER R 28 B2 72 2 Bh k33 (21H05178, 25H00408, 25K21512, 26K01057)12 & ¥ i S vz,

[ k] Y. Itsumi, E. Higotani, T. Dozono, S. Watanabe, A municipality-level comparison of agricultural reservoirs in

B S[URZBEAORDZEBZRELE 2 f5IROFREL FEDE-REDE

Japan considering climate change and population decline, HRL, 20(1), 24-30, 2026.

% —U — K : agricultural reservoir, climate change, depopulation, water resource management, sustainability
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Mg~ T 7 HBREOPIKY R LIERFBELERE L ILIBAKREHNT 7V OHBE

FORL KRB TR R OIS Zak
RRRFERRE Y a SR & — /T Z VAT F— ] & U BEFEHEERARE I IE

1. IXLdic

FE b7 7 BELKHIEE CTIRRIE 02 KA BN EE S, BERTRIC T X COHE CRIFIZEBLE 5 -5<
D otEAKIER DEIR - ik E D S Z Lk, TR, ANB, Lo TCHETHH, M TARREDTT
X, FERFTFESME/NT 2 ko x L CiEsk & R UHIBEOEIR - HELAZ1T 5 2 L AN REBEIC D72 5 Al RetE
WD, DD, HEANORONTIEK - HEEREZ EOKR~ERICE ST 502 8T 2 5 ER
EXEET VOMENEETH D,

AT, ZOHWAR-1 1TRT X 91, Rk ) 27, BEhc e T REM 2B < “Hi TR A5,
BEAERFZE T, KERBEAD & ARRBD 2 ER-AEM ), K& - AQEE A2 ZE LR A QFEHE 2,
Fedsk AL T OPAKBREEN O &R D347 ), BKIRAKAE XKIKN A 0 ORFEE(LoHE ) B3 Thbh T
W5, LoL, ZHHDZITBEEREOBKY 27 Z2H 5> DO TH Y, HEIZ X o THARMEE OFEREN KT
L7tk Y 2 7 38808 3 2 FTREME I+ I2 B B S Tunany,

» A:EREBL
Yo% - AOHES Y258 - AOHD
PIBRBOHRIKE L BAURE R 3 A BT
HokU 22
C: #IEERD D : R EMH
& U R - ACHERS Y 2716 - AOHD
BRI ORI E B RERH - A BER
[ AR ®

-1 MK BT R E 7L D AR e A

FEVE N T 7 MURSICIE, HMUBENC L0 &4, K, Bl - MRS OTRKBEEEME T L, HUERRT & IXRR D
Mags 7 REEAAE U 9 D, ZAVUIHE KN EE T D5 0 2 — FREAS K EOEBRE L R L TEY, ik
UAZITHER & R TRELS BT D2 ENBE X DN D, 8IS, IHKRBEEHETICEIT 528K Y 27 OFEf
B L C Wk Z V155 b7 7HUBEHZ OBKY 27 L LTI Z D Z EFEFICEETH D, —H,
REBl O FFGE FTREMET, FFREVICZE DAKRA~EH - JRKk G 2T 2 24 EARTEITH Y, AR 72T
Tl  GREMNME, MEFFE R, HEEEREFLEZETORMAD D,

2. EHT—% L FiE

AWFFETIE, 2E 109 O—MAKREZFRE L THEiT 9, Pk Y ZA270%, EHEHER RO BAKIR KR
EXI & 2020 EA A A v 2% GIS ECTEHRGDYE, MW ADIZEDBEANESE L TCHEHT S,
RARICOWTIEEOBMEEZRITL TV DA, AR CIIfEER KB OBKRKEERIED 5> 6, K ER
KIS 512K 50cm DL EOXKIRICIEET 2 AR Z@EEAD & LTRT,

ANBABARIZONTIE, EEZBEEDOA Y v a Bk N AHEGHZ Hvy, 2020 4225 2050 20T TOHR
N AR R TEAME L7, FEVE N T T HIEAN IR, 250m A v Y 2 B AVEUR L ERS by, HEE
VIRE L LTI S, £, 16KA 7 7 ORI, HESERIERTT7 v N7+ —LICEENDF A,
AR, BEPY - fEE OB E N S RIBFEREZFH L, WRECEAEE L U CRHMET 2,

IR OTR/KHERBIR T 3RI1T, FEREEY O ERIR DB X F 2 2BI2, MBCFHRE & iRICEEE
FENDREM Lz, EFEREWTBIEE, FUEE CHLEERTAELLT VL ) ICHERIERE S (LSE
Do HFONTHEIK TREZBEREAKY A7 10K L, MEZRIKI AZE2HEB L, LER->T, AT
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-1 ORI TH HHAK Y 27 I LT, Ml T THESN D LA v T T E E BT DI T DR
EEED TS, —J7, HMIZBEEIZE & RIS A DD R E AV 5 & Lz,

3. BE

B2 12, PUE - TN 28 AKRIZBITHAHBAR LYK Y 27 ORREZ RS, BkE O RIEHER, BY
D5 LORITHEZZ L, RENIHEZORKERBIETZ2EZE L2 LIk A7 EAEERT, oo
FES, HEL, B, i, )7 & CHURZ K Y A7 BHEBHRE S BT 52 ERMR I,
U, EE R OBKRE A 0RO A TR LIc< W, mEiE ST THEROBEANR Y A7 OBE & R

LTV,

Ful/EE (287K )

084 ez O Al e
o UMl Btk
O mE E
o mE B
0.7 " B
el 9
0.6
sl
—~ L O
= il
[ [¢]
Bos ‘
i 5
2 EE
k3] Ell [ 4
& I ] =
o 041 ¢ 8 s weE M|
I " & F o H)
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2 b d ® g 8 SEATII fiib
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- e8Il
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HEil & el S Pl
R 5 Sl
02 O BN el o S
[¢]
25t
014 ., Pl
Pl
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AQRAS=E

-2 A AR E R OBAK Y 27 (WE - Jul 28 KR, BERME)

Fo, I L DBORBEEREIC OV THR-1 O X I ITHRRITHE L TEET L L. WE)ITIE, #
BHTD B TORHl TIIHEFFE BT OO G2 M T RE TH 500, WEREROWBKEERTEZEE T L2 L T,
TEAKMRR DY MEZ B E A CTHANRBEEGENBEL R D ZLn3bnd, L, RRSBEITBEORE
TR T D720, BEFUTEORBIIIEEICHRT 2 6EZN D 5,

4. BbYIZ

AWFFETIE, NBABAD T ORKKE 2 3mT 2720, kY 27 &Rk rlRENE O Zfifl2 555 < fiihkaE
MiDOFERL A Z R L, ZD 9 BRAK Y A7 ITHOWTEE T 7 R E OIEKEREIER T 2B BT 2 HiEZREL
Too WEGHT D, HIERICU R PRE L EFTLKREMETE DM EEN RSN, 4%, 2F
109 ARFBA~KREYRIRT D & & bIT, SEBIESICHT DIBEST 21T 5. £, BN O mUREEAL <
MR IEE 2 F T2 I MR R A o0 Al b, & PEME, B2 i 55 & & DRkl iTREMEFR IR O m AL 21T > T <,

(FEE]
AWFFRITHIARET O HNATH =8 b U WFFEHEERAE O S8 & %21 T LTz,
BE IR

ISR ==¢
R

1) ksl - RIFSEMR . 2FEZ L7z U A7 WgEFEN O34 DT, M2 2550 S, No. 25,

pp. 45-54, 2015.

2) WA ST - WNRBEOK - HhAEGk - JEEES - JIEER . B ARASRICE T 255 - ADEB#ZEE L7tk

JOE - WKILEE - Rim AR EE O E N O RN, TR CE, Vol. 81, No. 16, 2025.

3) WIS « HATE—BER : A 109 KRD ETWMAD/NT A2 X508 &R, EARFSSCE B
(KT2) , Vol.75, No.2, 1_67-1_72, 2019.

4) FEEHL - ATHEZE © 2E 72 O CNCHGE N BB O BPKIR KB E XKk o N 0 OHER,

No. 1, pp.107-114, 2020.

¥F—U— N :MilE N7 7HIE, Bk R,

SEERA, Vol. 18,
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StAAEFL AH B2 BEE —BR3 (L BLAE. 2. AR SIEME. 3. LEAT)
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[0S-11-02] ZFVWEREHRZWRE LI-BEEGRBENT CEMEZDOMEBICL DX I VELHEERE

SNEEAL 8@, EEEES (1 TEAFAFERAETINN. 2 FTEAYBEYE— M YL Y IHEE
VR— 3 AEMAFIBLEN)
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TR SHMATEE T VBT D8 EARYEE M & coherent,” incoherent 3T {EL D 5228 ZTA

B LR OEARET
WRIEHATPASE SCEEE Am
JRES R (G0 & #d%) PgE  —RE

1. BEOHZE LCHK
~A T WS R A T RHOK O HERE T, BN S NVTBREEREE Ty, , [K] (RMEESf I X OMREpITI&AE)
5. BIHaEET /v (Radiative Transfer Model, RTM) %1 L CHEEEKGHEEME 15 D, Tpp o 1M R & W BLRE O
BICRESND 0, fie b BAITIE, MR E BN ey fisure & TIERBIEET, 25Ty, s A HETE D (Topr = €5 p)surr X
T o EBIIHEBR 2O OBFITIEITFTEEENSOFELEENDL D, ZOMREFEIBIHRIE T L THLA
AB Tgpr=ppisurt XTeg & LTEIATOET NV EEZ S DETHRTHERMAS ATV D, BARKICIE, BHEi =
2, NEIZHHILL CET MET 2L, ZoETMIRADICE - TREND,

Tepr = €psisurt X Tetty 5 Tetry = Z Sri €Xp (—Tabove(is)) + Tne1 €Xp (—Teor); S = T; [1— exp (—41s,)] (1)
i=1
ZIT. TFBIORE. SR D OERBEBS . At TR0 FHIE S 1 —exp (A1) (TJEiOWILF

(exp (—4tsy) FEIDOFZBER) ThDH, ORI, FFTEEHE O S & TO Kirchhoff ANICEED & | WX & i 235 i
T2 EEBEL TVD, Ty [ FBERLRIRE R DIREE (= Ty EARE) | Tapoven | TEI LV LB REOFHIE S
exp (—Tyor) [TFEBLIE RRIZK T D FNES TH S,

HRFEO LHK T a7 7 A ABE LN THLIGEICIE LRLOEBMNRET VTl ShdR, ARICE-
TERBIZHBREPERINDHERE. SMEHFMOKG AN KEWGEIZIE, FEROLMAREIZEIY HEN
TREANELD, ZolE, HHENG EREB IO TR EICHHN SNCEREIL, 20 BB LOTE TLEK
WaZ RN oMEBEHICEET L2720, ZNCEDZEMPDIRCGEERT D2LENEL D, FENLOS, HHE

WCEET D ETORBEIREZL LB L, TERATKNZZEL-ET VT, kQ)TRENLD,

N+1 i-1
1
Tff,' =Z S"C”-P'~ 5 P‘.:l_[exp(_A‘[‘.); C”.: (2)
eff,p,f [=1(fl p.fi fz) f.i L | f.J p.f.i 1_ppfiT,DpfileXp(_ZATfi)

TIUD. pypa HAEIND R EFHROEDREETH Y | SIS 5N &5 =5 p, 1K
M FRBICIN ST, py iR FB2S LN, ZhERFRIICKD S, TRbb.

( — Ry YA = Rpfioa') ppgioa €724

1= Rpgia' Pprioa’ e 24

(1 Ry i )(1 Rpfl+1 )ppfl+1 e 24T
—24tfi41

pp.f.lT =Lz ppfl _Rpfl
3)

pp,f,Nl =0; pp,f,il = Rpfl 1
1- Rpfl+1 Ppfi+1 €

T IT. Ryp BROR,pME. TR, KFi0 B ()i - URE) TEUS BRE, T Gli+ URiE) TELD
TH&OR—FREMNRTH D, L FHRELIE (=1 -, 5¢) THY, HEETVRETHESND,

AR (2026) (X, EBRXEIZLVELNZLERE T2 7 AT —FE2HWT, ®E (i=1) OHDIEFHRID
Tops = & fisut XT1 ELCEHEAELEBRE, XD-GNCL > TTFETEOEE (i=1,2.,10; BEIX lom) HEE
LCHEAELEGA EORR%E 1.4GHz (LN K) BEW6.9GHz (C /32 R) IZxt L TR LT, ZORERIT, EAN
7R HRER L EEAIC, C AN RICX LT LAY RTIHBEBRIENTEORELZ T TND LN INETH ST,

— I TCMET R T 7 A NV EBRE L CEBID DB ST BRI OMERRIER Y & R 2 FIEICE, &FRos
MR 5, RQ)-G)DHIETIE, FENOHHN SN D EMIE O XL F — (FRE) ZRDOTHEEL TWDHA, FEEE
X, ZNENDRED S ZOHIRIZIS U THH SN D ERIEITR R DM E LS, TUORTHLL W LR
A CTHARENDITTTHD, 2F0 . K(2)-3)iF incoherent VT TH 5 A, EELITIX., FEin S S = BRI

-0S-11-01 -



0S-11-01 KX - KEEPSR BAKIHER2026FEHRRRS

AR L LR S - R EOE PSRBT D (A L 2 RFF S 72 9 2 T i 72 3R iai i & 5K
HMRETZRNF =BT L5 HFBRBRICA L TNWDL LB bND, £ 2 TAMIE TR, A& (2026) @
incoherent &7 /LIZxt L, H721Z coherent BT L AMEEE L, TN 5O OFEFERE LK LT,
2. coherent &7 /L D £
FEAUT coherent (M < 72 0ITIE, Ty, = 1Xai1*? & LT, R, Z @M THE L T bR F —(ZEWS D44
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Figure 1. Verification results of each model algorithm for total flux
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Figure 2. Model verification results across validation sites (Nunoike Pond, Acton Lake, and Big Bear Lake).
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