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Abstract: This paper proposes a method for estimating flood levels by data assimilation using a state space
model to determine the spatial-temporal flood expansion process. The method incorporates flood simulation
values to analyze the causal relationship with observation data of river water levels. First, we simulate flood
scenarios using a flood simulator with various precipitation patterns to construct time series datasets with
high spatial resolutions (5-10m). Then, after estimating the water level in the channels using an auxiliary
particle filter, we analyze the inflow and the outflow of flood water for each grid element by improving the
state space model to add spatial variables. We evaluated the performance of the proposed method using
observation data in Aichi Prefecture, Japan. While the conventional method had an error of approximately
60 cm compared to the observation value, our estimation method using the proposed state space model
showed a significant improvement, with an error of less than 9 cm.
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Fig. 1 Proposal of data assimilation approach for flood level

estimation.
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Fig. 2 Flood level estimation process.
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Fig. 3 Observation results of water channel.

. >34
[A—Fa]
0.8
10/22 18:30 10/22 23:30
0.6
. e
* A 0.4
* . . 0.2
0.0
10/23 01:40 10/23 04:30
(Y ] o
Eid * ¢
3
bl
o]

L4+&§ﬁﬁ
4 JUEMTY I 2L —Y 3 Y ORER
Fig. 4 Results of flood simulation.

KIEOEZRLTWAD, FHITT, 23:30 205 2:00 DRI
KEFE =27 &Y, 20HBA L. —HT, b0
AMETOY I 2L —2a VERFARDSL L& LEKIE
HELTBLT, TOKMIZ0OA— IV THST,

COBKOBIMT— % % AEL L CIREMITY I 2
L= a vy BTN LR EZR 4 1RT. 4 DETO
B A IZEALTRLTWAS, ¥YIal—3Y 3y TORK
M, BT = N—=ICERENTWVBET/REINS. 18:00 D
B, BAHEH-OW L OhOMATIHREL, 20
ZIKALIE 0.4~0.6 X — RV TH -7z, 18:00, 20:00, 22:00
CEERE & D IIRAEIIBE A IR L TWD . &
FMIZy Iab—va VRS, IS TIERA 0.6
A — MVDERIKD S - 72h, Bl 4 7T THOY I 2
L—3a VEERTE, BAKEXO A=V ThHo72. B
fEMTey I 2L —2a VIBAFFEL LULCHwSRTW
B, ZOREROFFETHNT L7RERIE, EROBRKMEE
Wl o liERTWREM N H H & mRE L7,

© 2020 Information Processing Society of Japan

T =& BT, B4l t+10, t+20, t+30 DKM EHEE L
Twh, t+100E %, 4 IFTOEMM S $<T RMSE 1
0.00 A= k&%), EEOBHNEL =TSN, o
72, t420, t+30 TIETNTOBMTIC B W CRED
I, RMSE (2 KT 0.04 A— bV e ol TOREEDN
5, KAENZFER L TV A LSBT, Wikt 1
W 7K T NI SR ECATR 2 2 &% o7z,

4.4 RETEETFIVICL B BKIEABENER

RIZARAEZEH £ 7V % VT, BRI 1) | 2Pl 7
IREEZEME 7V, FEZ) ¢ + 30 DKL % Tl % fibhk: 1
T ANFIZTIBEDSE L2 & TRl E 7z 21:00 20 5 BilG
LTWa, EHRFITEBICEHN S B 2R L, TR
ZIREEEME TV Ao TFH LK AR L T b, K
fix, EE»SORKVOFEESEZRT. X 5 IRTE
Wil (A7 —%%3) T2, 3, 4 OKRAEER
7= % % ffio T, Fill LZBRIIHAT 1 OREF, Bl S
1 (A7 —%%2) SEHHT 3, 4 OKRMERYT— 4
o T, FHILABHMA 1 OFREERYT. Bl 1
(A7 —%%2) \[ZIEFE—KE LoBH7— 5 1d&En
WA, WMHEDOTUHERICKRES L EIAR SN o7, F
7o PREIRE R, KOS EF3 B T, KA 2SI 3 2 R T
IZDoWT, BMEE XTI L S, IRAEZREE
TN & BHEEDBIIET B AKA DRI T, B R
MR & iR E O ANESZEL RIZ L0 EZEZ LR
L. EBEOILEIFEE L TH 5 OFHME & BIETIZZF 0
E1Z02 A= VAL o7,

B 5 (R EIH A 2 (AJ)7— 7 $03) (Z@BilHT 1,
3, 4 DKMEERINT— & 2> T, FH L/-ERHE 2 O
M, BT 2 (ADT—%%2) 3B 3, 40k
PEREREI T — & 2 ffio T, FRlL72#HIHT 2 O R %R
T OB 2 (AT 7 — 7 52) 1IEIE ki L o Bl
T=FI3EEN L. BE 1 oFIEFERS, [F—KE
DB T — & 2 L7286 SR L2 WiGa Tl
IZIZFAE L o7z, FHRERIE, KA EAT 28T
BE L T E L TBY, B3 (A7 —5%53),

60



BELEESRHYEE V21—V FN1A& VX574 Vol.10 No.3 55-64 (Sep. 2020)

B A1 (AN TF— 243 B A1 (AHT—2 32 ® 2 RAKDIERBREOHEEIZHT S5 RMSE [ £ — b V]
[g.’;fc"] [Sf;t_”] Table 2 RMSE of flood expansion process estimation [meter].
00 ;fﬁ— 00 / B 1 | B 2 | BLAHLT 3 | Bl 4

' — HAE ‘ — B
sl - o4l e t+10 0.18 0.10 0.06 0.06
P I = ABOES PO I e KBOEE t+20 0.17 0.04 0.09 0.15

me o mo o Zo 000w t+30 | 0.0 0.10 0.13 0.13
B A2 (A NT— 2 H3) B S22 (ANT—2H2)

[meter] [meter] . e

o e (b) ANF—5%:2

04] 041 BUAHLT 1 | Bl 2 | UGS 3 | Bl 4

ool I I t+10 | 018 0.16 0.07 0.08
— A t+ 20 0.17 0.18 0.09 0.24

-041 — FHE 04

N Lt KEOES 1 t+ 30 0.13 0.13 0.14 0.15
i 24.00 0300 0 2400
HAMAIANT— 2 HI) AL (A T— 2 33) (c) Ai7—%%:1
[meter] [meter]

087 087 BT 1 | Bl 2 | BUAHLT 3 | Bl 4
OAi::;;::;’ —= ol t+10 0.18 0.15 0.08 0.13

‘ ‘ t+ 20 0.17 0.29 0.10 0.34
00 00

| E—r ! . t+30 0.22 0.24 0.16 0.18
-04 — FAE 04 — FHIE

N KEBDE L KBRS
-08 -08

21:00 24:00 03:00 21:00 2400 03.00

5 CIREEZRIAE 7OV X B IRRO T HRIRR

Fig. 5 Flood level prediction results using state space model.
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Fig. 6 Estimation results of flood expansion process.
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