75 (B 124, & 31 5:BHR)
(B 7 5) (Format No.n RAF
b s =
2 L W X E B
(Summary of the Doctoral Dissertation)

Ttk s 2 7 23 D) KR THIE 7 L DB %

LR SCRE B

(Dissertation Title)

K 4 mName) wmh R

SEEBPNREICHER TS5 H, JAK - Flk - BEOARTS VA0 RIEER L ZHT 51203, Filk =
A=V D NS BE PR KR T & SR ook « BUBSL 0BRSS CTHETH 5. AR T, TRITHREREN 72
FKET=2 ) 72 FE T D EEHIT, TREEHRLOOWEEE LT 7 WIcZE-3 < il — & o
KR THIET VAR L. S8, ETEET VERHETT VOBEE L T L, [UEEEFick
T AFIABORER PR T 2EEET VO AMEEFREIZOVWTERT S & L big, [EEENE Y
AT DA ET DN AIRIC RAE T BB & CR i L 7.

=P, FIAKEDEGET =4 U 7%, FERTO 5 S5O—FKREERI, S, K|, Tojll, &
)12 XGOS TR 7 L HUR CEME L7z, FofEER, md)INCks T 20K OB X H# Rk & oRag
S L ARBE 2T CnD Z X, )l o)l X CERIOARNNCBIT 54 L F il CEZoOR )
AIEAOHE L B L TR 225 Z BB Mo, 2RO OME T, KRR L KROBAMARK S L—
TROEAT VU VADPBEETHY, ZOREORE SZLET 52 & THTKE OBEERS S L3R KIR
CRIETEEESWE ERAREICR A Z EDVRENT.

W2, EEFEET VICE LT, ZHE Ctllk—EOn)IIKE%E TR f a7 €7 /L DRRREERIL R h o7
7o, PN SR KR E R TIF R E 7 L OB & (LT ET 2 Ba 2 ER Lz, &)l s
RRIZ, [UBDOAEATNNNZGZ HEMT CH - HEOKIEZ IS TRT 2 E7 L & fIBAN2SISDKIR
T REE TR EE/R BT L DL % Lo/ R, MmN EaoKBZ2FAETET 257 R EEE TH - .
RIC, ANTIBDT —2 OFEBICET2%FE LT, HEMGTD 5 2O—HAKREXRIC, [RDO A% AT
LZHEE LR/ CTHEDANTIHED 2 EHETET VA HE L EHR, [ULDAZD AT TIE6~8 HD
HKEFE O KR % FeK C 5°C FREDR KRl L7=0lckt L, fEEHWD & 2°C AR LTz,

FLC WEETNVCELT, @BERKETHEELVK - BUSKOBARICIZ T KR & & OZ %D
EBEPEETHDHZ LD, FEMPEHILE (Rainfall-Runoff-Inundation: RRI)E 7 /L & #E = Yk ol T K FEEh €7
VEBMEG L, WO ZEET D 28T, HERKEHTARERE LIk « BUlSE—RMITE 7 /1
ERAE U2, BmEINCR T 2 EMRIEOESR, I EIL KRR - HAKREE DICEEETH Y, Nash FBHR
FEALOREBHINET 09 UETHo7. T, E—IHEEEIH FAREZZBE L T 2RWEEOE
T L R LT 20%RIR L, PAKFEEORAR LK 50%IE L2, KiZ, WIKIEIZBE LT, RETFI/IEFE
EEROKEEZ®mBEEICTR U, fic, ANNoOBEIZMmO TEm, HTKEORZHEZEZEL TWRNET
L CIEA OB OREZE D HUR AT 2°C BL R/ L TWzoloxt L, Bz icBs L7 L Tl
1°C UFICig L7z, 2 LT, ARIZOHFE LT, RNTHRICIH T DK DB HGT L& & H N K
HEONT U AZEA TR UEREE, ABFEREN 200mm LT ORI H# T KKHESRIEHED 60%
UL EThofzmizxt U, ABEFERKED 300mm Zi8 % 25 L 5 72 H/KEE X E B H DS 80%LL E & X
RBTENHLNE ST S5, KEBHEHSICBIT AN E ARG Lizs 25, AFTMTKE DN

(FO3C 2,000 FFEE / FEC 800 FBFEE)
(about 800 words)



75 (124, F 31 5:B6R)
(%7 5) (Format No.7) RAZEARL
EHETA A KIB 2 IR 2 FEIZENN TV D & & 2R L, FRICA) BRI 40%BRE L REWZ ERELMNE
ot F£, PIRBUNEOSHRER LY, EEIOKRITHESAR S LTI KIC L 28I L o 8%

AT TV DI R, FORBEAS WIS KB TR DM A LA L.

Bz, BEEETT LV ERBET LORBELZ IR LIZHEER, 6~8 ADEFEHRFEH BT, i
NOIE & A EDKIBBBIHA CIREEETT LOFRERBE Chotz. 727201, 6~8 ADEKIEDOKR R
FEALEOMETHHETAOFNEHRETH T2 L2z, HTFKEDBRZHBROBELRIZITHLD
SR W T OB T LNERE Th o7z, d4PDF © 2°C EH, 4°C LR ERDOLEONERKIE, HE
FHFEET VAT U TR ORI 2 5556 L2 R, FERNciggzEdes v wies LT
FREOEMBE SNz, FO—FT, BEOKIR 30°C LL L & @i oY CIRE2E 7 A OFHIKIEN
BATT 1272 DAEESe, I FEEORFRE(LD KR EFICE 2 2 BN EFICB W THEMNICESE DK
A Y, WEEEET VCGRENE LA Z EBALNI R o1, MELE T VO R E ERICRBEE R B H
SEROTAKIRICRIETEBELRF L L 25, EFO/KIEN 28°C LA EIZ72 5 KRB EIES 2°C L7
BRCIXEIE L 2o T2 DIZxE L, 4°C ER FEBRTIITRBREICIER Lz, 72, £F0OKEIEBHF T
IR T OPCLL T Th 72 0ITxt L, 2°C EAEBR TIEL < O T 9°CUL EOER & 0, 4°C RHER T
X 11°C A Bz B 2 E R THIS .

LlEn X 91z, AFECIIEEEETT NV EYERETT 2RV TS AT LB DR E 2 /) KR
T &K - B OFRfR A R LI21E0, WETF A0 AECHRELZAEIC LoD, [ELENFES AT
LB BHRIAKRIC RIETHE L ERENICFEM L7,

(FO3C 2,000 FFEE / FEC 800 FBFEE)
(about 800 words)



75 (B 1245, & 31 5H%)
(B 7 5) (Format No.7) #3ERR

F M Wm X EE

(Summary of the Doctoral Dissertation)

o Development of river temperature prediction model in basin system
A Em SCRE H

(Dissertation Title)

K 4 ®Name) FUKUMARU Daichi

In the context of rapidly progressing climate change, realizing balanced basin management that
integrates flood control, water utilization, and environmental conservation requires highly accurate basin-widej
river temperature prediction and an understanding of basin-scale water and heat balances. In this study, we
conducted continuous river temperature monitoring and developed basin-wide river temperature prediction
imodels using deep learning and physical models. Furthermore, we compared their predictive performance,
discussed their usefulness and limitations for future projections under climate change, and evaluated climate
change impacts on river temperature within basin systems.

First of all, continuous river temperature monitoring was conducted at multiple points in the five first
class river basins (the Saba River, Takatsu River, Ota River, Gonokawa River, and Takahashi River) in the]
Chugoku Region, Japan. As a result, we clarified that river temperatures in the Takatsu River are influenced by
heat exchange with groundwater, and that summer river temperatures at downstream dams on the main channels
of the Saba River, the Gonokawa River and the Takahashi River are lower compared to other locations. Significant
hysteresis was observed at these locations, causing the air and river temperature scatter plots to form loops. By
comparing the magnitude of this characteristic, we can quantify the extent of heat exchange with groundwater and|
the impact of dams on river water temperatures.

Next, regarding deep learning model, since there had been no previous development cases capable of
predicting river temperatures consistently across entire basin, we conducted developing and enhancing models
capable of simultaneously predicting river temperatures at multiple points within a basin. We compared a modell
predicting river temperature at a single point for each location with a model predicting river temperature
simultaneously at all points within the basin, both using only air temperature as input in the Takatsu River. The]
results showed that the model predicting river temperature simultaneously at all points within the basin was more
accurate. Next, we compared the model under two conditions for five first class river basins in the Chugokuyl
IRegion, using only air temperature or both air temperature and rainfall as inputs. As a result, using only aif
temperature as input led to an overestimation of river temperature of up to approximately 5 °C during the flood
season (June—August), whereas using rainfall reduced this overestimation to around 2 °C.

Second, regarding the physical model, considering groundwater flow and its heat transport is crucial for
realizing accurate river temperature predictions and correctly understanding the water and heat balance. Therefore,
we developed “Basin-scale water and heat balance model integrating surface and groundwater” by integrating 4
Rainfall-Runoff-Inundation (RRI) model with a quasi-three-dimensional groundwater flow model and
implementing a river thermal balance equation. Accuracy verification on the Takatsu River indicates that river

discharge is highly accurate during both normal and flood conditions, with the Nash coefficient exceeding 0.9 af]
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imost flow observation points. Furthermore, the error in peak discharge was reduced by 20% compared to a model

that did not consider the groundwater flow, and the error rate for normal flow was also reduced by approximately]
50%. Next, regarding river temperature, this model predicted river temperatures with high accuracy for the entirel
iyear. The accuracy of the main river is extremely high. In fact, models that do not consider heat exchange with
groundwater underestimated the average winter river temperature by more than 2°C, but the developed modell
reduced this error to less than 1°C. As an analysis of the water balance, we compared the balance between direct]
runoff and groundwater runoff discharge for the entire basin area in the lower reaches of the main river each
imonth. Water balance analysis indicated that groundwater discharge accounted for over 60% of total runoff during|
low-rainfall periods (<200 mm month™), whereas direct runoff dominated (>80%) during high-rainfall periods
(>300 mm month™). Heat balance analysis indicated that groundwater heat exchange acts to raise river water
temperatures during winter, contributing approximately 40% in the upper main channel. Furthermore, analysis of
the basin heat balance indicated that the river temperature of the Takatsu River is influenced by heat exchange
with groundwater, and that the extent of this influence varies by tributary basin.

Finally, a comparison of the deep learning and physical models indicated that except for the summer
season (June—August), the deep learning model achieved higher accuracy at most observation sites. However, the
physical model performed better for high summer river temperatures and at sites strongly influenced by
oroundwater. Future predictions using air temperature and rainfall from the d4PDF 2-degree and 4-degree rise
experiments indicated similar annual trends for both models, while the deep learning model exhibited saturation|
under extremely high summer air temperatures (>30 °C) and physically inconsistent responses to future discharge
changes. Based on the physical model, river reaches exceeding 28 °C expanded across the downstream basin
under the 4-degree rise experiment, and winter water temperatures increased basin-wide, exceeding 11 °C in the
4-degree rise experiment.

Therefore, this study realized highly accurate river temperature prediction and understanding of wate
and heat balance within basin systems using deep learning and physical models. Furthermore, while clarifying the]
usefulness and limitations of both models, it also achieved an assessment of the impact of climate change on river

temperatures within basin systems.
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