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Analyses of Typhoon No. 21 in October 2017 and Flood Disaster in Sabae City, Fukui Prefecture
by using Satellite Remote Sensing

Yoshinobu KATO"!
*I Faculty of Engineering, Department of Electrical and Electronic Engineering

Typhoon No. 21 in October 2017 was super-large and moved along the eastern coast of Japan with a strong force,
causing wind and flood damages in various places from Shikoku to Tohoku region. In Sabae City, Fukui Prefecture, there
were many damages caused by flooding, such as the collapse of the Jinzuu River embankment in the early morning of
October 23. Cloud top altitudes of the typhoon are calculated by using MODIS temperature images to estimate its strength.
Using ASTER satellite data (15m resolution) and Sentinel-2 satellite data (10m resolution), the NDVI difference image

is created to detect the location of damage caused by flooding in Sabae City.

Key Words : Tyhoon No.21 in 2017, Flood disaster, Sabae City, MODIS, Cloud top altitude, ASTER, Sentinel-2,
NDVI difference image
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H 23 BIZoNT CORMELOERES | @ 12KS3%, KN EHAT 5. Zolls L OEE a2 1R 5
ZLIZRVEIA, S, ERAIToTHLRW I ENTEHSTVD

BE 21 51E, 10 H 16 H3FRHC e ) ViR TRAEL, 74V ErolELEZFEELRASIEEL, 21 HIZ
FERIUCIEFITIRANE S & 720, 22 BICHIT CIREBICEE 2 EIF CHAOE 2L E L, 22 HEE < [CHHEE %
eAesicEATZ. BRI, 23 H 3 RIS TR o F & i AR AT ERE L71%, FmUk Ak
oo F F AT L OB 2 AL B C A, 23 B 9 REICAR S IR, 23 B 15 REZALHEE O B CIRAHMLR
EIZE DT,

EHETIE, BROBHET DR 6 AARORFITERT HRIFOEET 10 A 21 HEDORAED XU, 23
HIE TRtV o, T AXZATIE, 22 H2vS 23 H 24 BRHIMNT TORBIKEIE, KT 3040 mm, /NET 279.0
mm, 4 ET253.0 mm A8 L, /NETIZ22 H 21 K20 4> F To 1 FFIC 38.0 mm O LW EZB L=, F
72, BREMNER LT L7z 22 ARELS 1D 23 HARBORKE®IL, FTLT23.1ms 23 H 18474, b)), 4K
T225m/s (23 H2W43 43, db), SeRB#REEGEHIE, /MET388m/s (23 H2W57 4y, db), AET36.8m/s (23
H2WF37 57, db) Z#HIL 7.

(%) 20047 A 18 HAAD MEHZEM ) ©9 Tld@HREALHTT 2 Fiaz, )72 E O OSERL T,
THRRORAE, BT, K ERKR EORERWEEND ST, B0 1 REFFEK O R RIS LTRSS O
96mm T&H Y, HEKEDRAMEITEITHT 2 NETD 338mm Th-o7-. OISR 5 L&, AElo 2017
FHEE 21 FIZ R DMK EITZ TR, £, #HELDRV.

2.2 RKEE MODIS BI2ERIC K 5B E 21 BEOHKF

BEEBRE LT, BHFLERFEHDL X ¥ v S AOEEZ(E VAT 5 T%/F LTz Terra/Aqua 2 MODIS 7 —
X %, MODIS 7 —# QWY 7 k7 =7 HDF-EOS (VIT t#d, 7 ¢ > 7 > N), FR MG Y 7 b ™7 =7 ERDAS
ER Mapper 2015 (HEXAGON GEOSPATIAL 1, K[E), HFREHR AT LY 7 N7 =7 ArcGIS 10.6.1 (ESRI £
i, KE) #HWT, Band3l EHEE L hL—h T —EiGAER L7z (Fig.1~Fig.6 ). ForEiI3Eez 10
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Thsd. WEOHMFILEY (K) THhd (WHEHY 1 28). BEBBROD 7 —3— (200~330K) | Fig.1~
Fig.6 TIHBATH 5.
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IR < P> TUNz.
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BEBEOWE EICR T2 ZADEBR TH S, BHRTIIERCL2ZOHMNSANL Y ELTEY, WAHE
URSIOY STyl

Fig.6 13 10 A 23 BROHZEHR T, BEIEFHERSEICZD->TEY, BEO B B TWA. EIRICITH
WERNDDSTNDD, M-S TVH7ZR0.,

Fig.7 (2 10 A 20 H 12 6 23 H 21 FE TORE 21 BOEEGE L FLKED VT 7 Z2pRm 3. FLREIXR
AENCRHE SN EROKEEZSA Lz, EEEEE, Band3l GRS R, BHIE=10.780~11.280 x m)
DOIRFEEE L Y ER Mapper OIREFHIBEEE A > T, BREORMKEE &R O Ot b (HERim) ORE%Z
FHATL, FEHER) 72 RES 1km E< 720 T E IR 6.5C TR D W HEE @ 2FA LT,

EIHEE (km) ZRkO5fH5N= (HET< OWREIRE—FREDFKIRE) /6.5 )
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[yeng \y
Fig.1 (a) Weather map of 12:00 on Oct. 20, Fig.2 (a) Weather map of 12:00 on Oct. 21,
(b)Temperature image and (c)True-color image of (b)Temperature image and (c)True-color image of
Aqua-MODIS at 12:18 and 13:56 on Oct. 20. Aqua-MODIS at 13:01 and 14:42 on Oct. 21.
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Fig.4 (a) Weather map of 03:00 on Oct. 23, and

(b) Temperature image of Aqua-MODIS at 01:45 on
Oct. 23.

L A | |
Fig.3 (a) Weather map of 12:00 on Oct. 22,
(b) Temperature image and (c) True-color image of
Aqua-MODIS at 12:07 and 13:42 on Oct. 22.
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Fig.6 (a) Weather map of 21:00 on Oct. 23, and
(b) Temperature image of Terra-MODIS at 20:38 and
22:13 on Oct. 23.

AR '
Fig.5 (a) Weather map of 12:00 on Oct. 23,
(b) Temperature image and (c) True-color image of

Terra-MODIS at 09:34 and 11:15 on Oct. 23.
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Table 1. Minimum temperature of typhoon cloud and its coordinates, and Sea surface temperature of the sea near the
typhoon and its coordinates, and Cloud top altitude of typhoon based on equation (2).
Measurement of typhoon cloud Measurement of the sea near the typhoon Cloud top
Figure Date and time | Eqgt North Minimum East North Sea surface altitude of
longitude | latitude | temperature longitude latitude | temperature typhoon
Fig. 1(b) | 12:00,Oct. 20 | 129.33° 19.25° 191.0K=-82.15°C | 151.81° 20.77° 298.6K=25.45C 16.5km
Fig. 2(b) | 13:00,Oct. 21 | 131.76° 21.38° 190.8K=-82.35°C | 142.23° 23.23° 297.0K=23.85C 16.3km
Fig.3(b) | 12:00,0Oct. 22 | 133.20° 30.20° 190.5K=-82.65C | 145.03° 30.18° 295.3K=22.15C 16.1km
Fig. 4(b) | 02:00,Oct.23 | 138.13° 35.55° 195.4K=-77.75C | 146.58° 34.83° 292.4K=19.25C 14.9km
Fig. 5(b) | 11:00, Oct. 23 | 142.42° 42.24° 2174K =-55.75C | 152.58° 41.13° 290.0K=16.85C 11.2km
Fig. 6(b) | 21:00,Oct. 23 | 144.73° 45.83° 231.9K=-41.25C | 154.62° 44.82° 289.4K=16.25C 8.8km
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Fig.7 Cloud top altitude and central pressure of Typhoon No.21 in October 2017.
Daily SSTs 18 Oct. 2017.
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Fig.8 Sea surface temperature (SST) analysis map on 18 Oct. 2017 by Japan Meteorological Agency (IMA)®.
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TRD7z. Table 112, WEZFHU LofrE LiRE, X Q) ICX2EEMELZRT. Fig7 LV, AR ELET
DERNDIX 21 H3FENH 22 H9RFETTH Y, Z OREOERDOAEIZIE 20 5 28 EETTHLDT, Z
OFPHADOWHEOWEARIE @D > 7o Z E MRS S, SEBE, Fig8 IR K870 10 H 18 H O AKIEAFATE®
(2 LAUT 29~27°C L HIZKIRIZ RV O T, BREDRVEE ) ZFf> TWeZ & YR TH D, £z, FHiRT < O
KIRIX 24~25°CTHDH DT, 10 H 23 H 3 FREICERE TRV OF E CHHIRIC EELZZ & YR TH
5. (a2 2H)

(R 2) REITIC L D Fig 8 1IN THLR & 74 « i X 28MED & fi#hT S KR CTH 50, &
JEUT %, HEITREE 26~27°CLL ETHRA FET D L b TR Y00, AR ~OBE) CIIifEmiRER 25°C
F TN EIRITHERF 5 & Vb T D, Table 1 1ZFE L7 IIRE OFHALSFTC {Table 1 TOEEE, Fig8 T
DIRFE} 2 Hfed % &, Fig.1(b) : {25.45°C, 29°C}, Fig.2(b): {23.85°C, 28°C}, Fig.3(b): {22.15°C, 27°C}, Fig.4(b):
{19.25°C, 24°C}, Fig.5(b) : {16.85°C, 16°C}, Fig.6(b) : {16.25°C, 11°C} L 721, [li# T 0.85~525°Ci&E ). [li#
THEAE D (Fig.8 I3H BUEBATOWFImIEE) DL, Tablel (X 7RA > MLE T MODIS ¢ Band 31 DI
IR, Fig8 ITFERUE S BE L7 H 2 PHONE T LIZIRE TH H DT, 2~4°C< LW OEWTHSIR L b
B0, FNLA EOEN S ETOT, MODIS TO X W EfEZRIREFHINZ ISR 10 SRk 7 v Y X AE28AT5
DHREN.
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Fig.9 Hourly rainfall and cumulative rainfall in October 2017 at Fukui Local Meteorological Observatory.
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Fig.10 Wind speed and maximum instantaneous wind speed in October 2017 at Fukui Local Meteorological Observatory.
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RETO MREORGT — ] Web ~— W T, fEHREH @EHHMFKIREDOZ L) D 2017410 A
22 H,23 HO 1T EDfE L 103 Z L Ofiz % 7 > v — R L, Excel TIEMRE S HENE D2 7 7 (Fig9)
& TEGE & e kBRI EGE | 0275 7 (Fig.10) ZAERE L7z, SFIT v (LRI 3 4HTT « FHEWBHE A K SBIMIRRF
HDHN, BIHMBTERREEDT —ZOHNA—Y TA RSN TNDHEDIHLEFALE.

BE 21 FAEARICHEEEE L72D1X 23 H 3 FFETH S A, Fig9 OFRFRHINEORAMEIL 22 H 23 KED 11.5mm
Td Y, Fig.10 DE RBHEEGE ORI 23 H 280D 324m/s Th . lif & b RO PR 72 e e DL 23
H3EREL D HHV. ZAUXYFEORRERIMAEZZ D &, RO X IICHPTE 5.

B 21 FITHEKIEOER WY T EEA TE 7272, 21 BB TS & 7> Tz, Fig2 (21 H 12
IKF) , Fig.3 (22 H 12 ) , Figd (23 H 3 FF) ORRXKEZ RS &, v THEEICHE O EEE (1030~1032 hPa)
Y, BE 21 FOIRVMESRE (925~950hPa) 2 EHET 5200, mXE & BIRDBOKEAR N K E 2o
7o BEEBRE X N — 7 — i E RAUTbnsd X9, BAROMEFEIERT 2 RMROEEIZ L 5ROAL
18 400~1000km (ZFEAE L 72 SEBRIERNHODE L, HJRJEFH D 200~600km (Z & 2 FMAIRE OO ZE O AL 53 73
L OIEHIEL, 2O TR ERDIRLS ofz. fEHIRIE, 22 H 23 FE5 23 B 3 RREO BB OEIT M (EH
7)) Ak LEEANZ 0 B 728D, P840 200km OB RZE K 0 JeBERERH OE & AMAUBERNH OEDORET, FRO
FREERY R RHEE OREZ) 23 H 3R LD H R, WORKOKRZ] (22 H 23 Kf) EJROFRKROKZ] (23 H 2K) %
Wz 7-DOTH5.

3. WEIMHMERL LICLSHITKEONE L RHAEDER

AT, FHTHEEE D29 4E 10 A 22 A, 23 BAEE 21 5B 2 KEOFER @ siloRKEED
X & REhPE R P OB E A ST, EEITI D 2017 4, 2018 4F, 2021 FEFOHMFHE D FEHE AN Z T, KEDRN
AT 5. 723, 2018 IS EFHROKSLEEOM HFF i 2 LTI WEbEi=s 2 A, £ X —% v |k
FIZAB L Th 5 CESCT X EITEBRIH > Ttz tThHhotz
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Fig.11 Inundation damage area in the northwestern part of Sabae City which is displayed in light blue®.
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Table 2. River width.

Name (Japanese) Width of normal running water | Width between the tops of embankment
Hino river (HE)I) About 20 - 30 m About 170 m
Ten-nouriver  (KFJII) About7.5-12.5m About 50 - 60 m
Wada river CFa)I) About 10 m About 30 - 38 m
Jinzuuriver — (ffE)1]) About 3.5 m About 16 m
Ronde river GaTFI) About2.5m About 8.5m
Ishidariver (A HI)II) About2 -3.5m About 10 m

Flooding of rice fields in Otsusaka, Echizen Town Flooding of rice fields in Tsubotani-cho, Fukui City

faFETn Bhid— 5 — R
Ten-nou
river
Sabae clean center

Wada river

Hino river

Flooding of rice fields in 4 Ishida river
Ishidashimo-cho, Sabae City K &

Fig.12 Flooding of rice fields due to precipitation and overflow of the Wada and Ishida rivers (Oct. 23, 2017)(? .

BIE 21 B X DEHTTHOMER, JEEHE 0 A, K ERK 6, K FRK4H, HTILERK?2 » 7, EF
B 126 BiCTH -T2 @,

Fig11 1%, BHTAHEE @ ISl S QO A ETHTACFEE O MK TR E T U 72K E TR RS TN 5.
FORHEIPHITN dkm X 4km TH 5. #30)  OREEEGHT ONL E BRI R 136.14 B, bk 35.97 ECTH 5. figiLiiivh
HORAKET Y T HFE=105.7ha (= ZFEHIX 73, 1ha+ )1 HIX. 27. 7That 21X 4.9ha) CTH 5 “. Fig11 OFO
OIFEFE) & A BNOBAKIZ L 2RAEETY 7, QIEFEITHFNNOBAKIZ L 2RKEESY 7, @IFEFEIC
8 ) | DOIERIZ K DEFTEOFEAVAIC L DR ESY 7 THDH. AL, KEDRKEETY TIXEK=Y 7O
—TH D, FHARTY T, EHHEEE = 2 — 2 12 2R TH001D L5, Figll T &, ML T
OE)IE (L L2bIiIXL) H720 M SAUAlOFEHE T, FEfloFIE) & 3o B 51 CHEENFEEOBMDIE &
NELEBO—ETHD. HTHREEOTIE, TAKULEZRS, KOBSIWZBICHENE S 20~ 12850, 2K
BETY T EFFERL TRV 22k, BERINCIE, #EAJI, RE, foml, AENSEWT 5. fil)Ilicix
i) L RPN B ETRT 5.

Table2 |2, Fig.13~Fig.15 OEEDOFBNC IR O)INE GEFRFOWEKONE, BoKRED)JIE & 72 2 5EBG Ehio
Mg Z2R~7.

Fig.12 1%, Fig.11 DODHATORAIRIEZ R LTS, ZiuL [YouTube f&HHEENH = o — 2A—5E 21 52
BiUEE, (EE4AEEY (2017/1023) ] @ 2% % FF ¥ L7=b DT, Fe—rickvdbhmae R, KE)I, famll,
A HENA BB A~EWT DG HE O T A H FTETOBOEKOR T E2RE LT DOTH D, 2 TOJIAHEK
LTWA 728, BEAKBSXOFEIE A RO LD B2 E > 72IeKIFEEK LIt < o T s, Fiz,
Fig.12 @ BRI (Aef) ik, #EaiiT SR O B O KR CEHATTERFRITAHE OB ORK S 5> T b.

Fig.13 1%, Fig.11 ®QDOHATORAIRILZ R LTV 5. Fig.13(c)l% 2021 4 5 A 8 BiZim B Fism ek
M) ZHEZ L2b DT, Figl3(a),b)lIrnd L 5122017 410 H 23 HIZHE, O/ 5 150 m R FnmE) &
HSIE< FC, Wi TIRAKINMIK L7z, Figl3@)IIEn Habdsrm (IE) 2E L2 b0 T, Tk R0l
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KOBF GBIE TR LW THALH TV D) 27r LTV 5. Fig13(b) 3G HALE G m (A H TR A8k
ELIEbDT, AENDLOKIZE Y FK LIS, TR EZEODS T (@) NENnTn5S,

728, 10 H 23 H 6 30 43HHIZ, Z O S AL 280 m MG DB 2 bR OfFITTH O = 2 2 =T 0 R ZA0k
AKIZ L DIAKDFEAUTH Z AL TEBE O] CGRAD IBilR L7z, SR OMBBIZR D 5 BH TREITE D
P, BHERFICT NI RN D2 L ThD. BROEFOEEIL 10 A 24 A OH A HRIEHAR O 1o 88#
EhTnb

(b)

Fig.13 (a),(b) Flooding of Ronde river (Oct.23, 2017), and (c) Ronde river at normal times (May 8, 2021).

Fig.14 I, Fig.11 ®@DGFT DR KRILZ 7~ LTS il i) 1 BT o058 | O 4 B2 (H 6 O S#J 3m)
2310 H 23 H 5130 IR S8 15m (2072 kg () L7z, Fig14(@)OHg RZlTmsE EOICITFiaE S
TV, TIFEEHEE SN D, MR LY, B s (1T ﬂ:?%f(bb\%b\fﬁﬁhbﬂfb%. 10 B 30
UL EEERFEE DRI LR A TR REE AT o 72, Fig 14b) IR D/ 1 A% D 2018 4 11 A 24 H
\CHHFAE 21T > T2 OBFE T, WHMZRE L TW5. HBIHINZEZEO)Ifo Ffiiar 7V — 7 ay s
THEDN, LB X OHEANE L THER STV S, Fig 14RO LS ARE L= b 0T, 8250 L5
OBEITH) Im TR OIEITH 10m Tho 7.

Fig.14 (a) Breach of Jinzuu river (Oct. 23, 2017)®, and (b),(c) the restored embankment of Jinzuu river (Nov. 24, 2018).

Fig.15 (%, Fig.11 ®@DHFT ORI Z R LTV 5. Fig.15(a)l% 2017 4 10 A 23 H s ) \iEd4E (1%
LEARLLAIEL) LvdbHmaEiRy L kY, Bk LIuE) | oKaOR S &AW B ORKEOR S 28MEE
FLUTHD. BERGINIZOBMN 5K 100m Tt (b)) OHSETHDOT, HOPRKDIEE A EITREEERT S
OB DK DFRAVARIZ LD H DO TH %, Fig.15(b)i%(a) L IFIEFR UALEND 2018 4 11 A 25 HITRE L=
DT, #E)IOFKOIETHI 3.5 m &> TEY, AR Ths.

Fig.15 (a) Jinzuu river and flooding of rice fields (Oct. 23, 2017)®, and (b) Jinzuu river at normal times (Nov. 25, 2018).
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Fig.16 DX, 10 A 23 H OBk S 3 HEDOERT, Figl3 @@zmi@%ﬁﬁﬁ SEA180m OHiE (7 H
THY) ¢, EANX ARG (RHETED) ZRE L0 TH S, TRz, 10 A 23 HOm T IEKOTE
KB, ~NFZFE o Laeh Y ONERYZIZOD izﬁiiﬂaiﬂ\fcaﬂa:iﬁnﬁﬁ, FEAEL Y D5 < 3 ()

(Fig. 13(b)Z ) NS TlaE > T b, BANCIE, 02Xz (FHkkf) 2> Tnd. O ZIXZ DI NDVI
EREWD, D6 T ORI NDVIENMI. 7, ~NF=FE L8 A 20 HEIIKEY, =2 e B VT H2
HEIZAERA DT, 10 H 20 HEIZIZOZIEZ RN EZ TW=DTHS.

Fig.16 Straw wastes were accumulated on the front side of rice field and rice shoots grew on the back side (Oct. 26, 2017).

4. ASTER & Sentinel-2 I EE{& % AL = 2017 £ 10 BfFITKE ORI

KEDH-S7-10 H 23 BIZTEX 57200 <, R CHEBE DR KERT EKERDHET — X2 2 LT-.
AKERTTIL 2017 42 10 A 11 HD ASTER 7 —#, KEHZ TIL 2017 47 11 H 2 HD Sentinel-2 7 —# Mo 7z,
ASTER OF —# 1%, FEEHAMTFRAHIEAT O REEMRZE YA & LandBrowser] ¥ MOLMZER LI OF 7 m— R
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Fig.17 NDVI-difference image (NDVI of ASTER on Oct. 11 — NDVI of Sentinel-2 on Nov. 2).
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Fig.18 True-color image of Sentinel-2 at 10:38 on Nov. 2, 2017  (4kmx4km) . and bicycles
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Prefectural road No.28 Jinzuu river Prefectural road No.28 Jinzuu river

Fig.19 (a) Enlarged image of Fig.17, and (b) Enlarged image of Fig.18 with map using ArcGIS
(Width 800 m, Height 1000 m). The embankment breach point is located at 136.14°E, 35.97°N.
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B ATETIE, KEOWESFTOMH A NDVI ZEig 2 HWTITo 7. i 7= AR E{% 25 ASTER (fi#f4% 15m)
L Sentinel-2 (BRZFE 10m) ThH7-6, —F, HED 1 7 &L 5m @ GeoTif 7 — X IZHE. L TH 5, NDVI ZED
PRZAT 5 BN D Z & k72, Figl? THEOH =N, 10 A 11 HOHENERDH - ZFT Cldsifa~
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FEITHEREE @ ICH> TV A NB X OEEOM 2 Z#F W 2 2D i E I C&# %, £72, ASTER OffF
BT —H B HEEL T o u— RS TWERW T EERAIZERT 19, Sentinel-2 OfTET — 4 A HEF 7 n—F

STV o727z ESA 19 1T 5.
ASTER imagery courtesy: NASA/METI/AIST/Japan Spacesystems, and U.S./Japan ASTER Science Team.
The Copernicus Open Access Hub provides complete, free and open access to Sentinel-1, Sentinel-2, Sentinel-3 and Sentinel-

SP user products.
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