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Table 1 The hydraulic parameters derived from the TerraSAR-X and TanDEM-X products, the hydraulic simulation, and
the unknown parameters in this thesis

Remotely-sensed information Hydraulic modeling result Unknown parameters
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Figure 1 The Lena delta study area (OpenStreetMap, Pertiwi)
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Table 2 Summary of the common information of Lena delta

Area of Lena delta PIHHH'@52"\?1# JHCGW)]'

Area of the simulated study area GIOMGIGO"@5.5"

Length of Lena river KIOHH'@5"\? 1#'JHGW)]"

Length of investigated section WPIGK'@5"

Average summer rainfall GKOW'S55"\S4'@*"*4") /1" JHGW]"

Spring flood period on the Lena delta E)0"-"f31*"\# " %cU ; "IHHPI'E ' 18$'$4-0"JHGW]"

SR YA4-81)'1" 42§, +43-0")$*)" 41" BF1)" */8)" +' 5) ' 1/0" hd . *$*-""1" +) 11" $4%@L" ) 1-" /4"
KRR AL \YA/AIELF Y11 al* AR X Gr$8) %] \Y XS JHOW]Y' =, *" /4 QA*/* )8 41" 2/44-8)'1"
7HC*1", *'B*1)") 1-"S3/@3$+@)0)"$%), *+' )+ 54+4/0"2/44-*—"-3$'16"% , *'8%) @'42'% , *'18$' 16"
YAA-FH1T)*$) /'S , ALA"AT8)SHATB*1) =*/8)"+'+ , 4 (1" 1'e"63F JNHLAT+*$. )& A1 W 14*$"+/4%) &+ "
41" 1)540/4." '+/)1-"\83$8/*" 84/0641" '1" €'63$*" G]¢' =, "+ AT+*$.)E'41" W*14%§' '+ 3+*-" 24’
8*$5) 284+ +i3-"*+1' 1 , $436, ")) 5*$)" )8, * "84k, "' 73 /=" 160'%, *'Y44-"41"8, "+ ) 1-"$) 1'7*"
BA4184$* -1 #%) 8435* '8 , A4 42 T*IA$*") 1-") k*$'8, *'1 85 16'Y44-"* . *1§'41'%, *'1) 540/4."+[) 1-"
*1"JHGK™+"+ , 4 (1" 1"e"635*'PY

Figure 2 An aerial photo of the Lena delta



Figure 3 The Spring flood event 2014 on the Samoylov island, before and during the peak flood, recorded by the camera
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Table 4 The used tools for this thesis and the license source of each tool

Tools Extensions/Library = Function License
c446/*"?)$,"a$4" " AR ) TR LA I N ef**§4"3+*"
QBU'E3/&'AI#U'884%*++4$" ! a$*A8SAY*++'¢, *"1#U'S) (' QBU"
I5)6*+II
10B'd*11)36, "¢4"-S" ! 14%41. %886, *"d*11)36,"  QBU"
%41 *$8*$" 1357*$"1i4'1'65)"1) 36, &'
#c!l" 18)&")/"#1)/0+¢" - BRI QBU"
PQ'#1)/0+8' +*65*14)4'41"
1)58/'16" - 1Q__"14*$84/)4'41"
Q*+'61":44/" - 1)58/*'84'1y
6*1*$)4'41"
86#-5"1"K" ad+c!l” ad+i6$* 1 jB'c['44'5)1)6*" ; 8*1'+43%%*"
6*4-)8)7)+*+"
jctr CU#II" 14'884%*++")1-"54-"20"c!l"  ;8*1"+438%*"
1#c#" -)8)"
u'.*sc!l’
a0k, 41'P=1H'8$46$)55"16" a)l-)+ B)1-"%4 . *$"%/)++2"%)4'41" ; 8*1"+43%%*"
*1.'$415*1¢ c*48)1-)+" e/44-"5)8'6*1*$)4'41"
cQ#Bl"; cU"
I%l@l&A/*)$1n
U)+e*$'4"
Y ?ZAU#H]"OHI=" ! Y0-$)3/"%'+'53/)&'41" ; 8*1'+43%%*"

GG"



Py E)&*$)/+"

DL HHB-0" QL F) 0B R L-F 1R, KB AR* OAF 14 —"-)§) - 3F4AE, *' . *$0"/ 5'4*-"6) 36* "
SOVEAS A *$%, *+43-07)$%)" ) +'$* 5AL*") 1-"471) $6**<i* 14ea$i31)6*/0014 () - ) 04"+ )§*// "4 +"
L) FE,* ) TR0 64" 884 - 124854 41" ('L, BA-*E)Er —*)'[ -3 84", *'$" "6, " +8)")/' ) 1-"
X 584$)'F+4I38 410 H- "0 A1) /I0V) . ) ) TI<'6) 36% —"=)&) +*8t" (F$*") [+4'3+% 44" A5 8% 1+) §*'248'
8, <" 12435 ) A1, ¥4 )E*I A3 1AL ATE) 10T, ++ 3T, ) BEFSUA S BS ' % 4§ 8L 41442 T 48,
$*B AL JOM*1+%-") 1 -"6$431~AGS3 , "~ ) &) +*8+7'

PIGI U*S4&*/0A+*1+*-"Q)&)+*&+"

1, H83-0" 38 FF-" $F B AL /0A* L* =" - )8) +X8+" 2845 2438 - 20*$* A" +) &* /6> 81) 824854 1, K+
8N)&24$5+")$*" - *$$) I#UAV'\ - IV](' - )1Q?EAV'\ - QV]('U)8"-20*"\U?](") 1-"B) 1-+)&'b"\BI b]¥ - ,*"
IQV'Q?E")1-" D 1V' 14$'85) 8+ (*$*" )UT3'$*-"¢,$436,"&,*" QBU" -)&) 7)+*" ('&," &, *" +0"*Lo*"
*<8/4'¢)4'41"'8*$5'%' - ,*") ) /NT/*"U?"'5)6*$0" ()+'8%4."-*-"70"4, *"#/2$*-A__*6*1*$AI1+4'43¢8"
\#_11'6,$436,"¢, *'$'%4$84%$)8'41" (e, "6, *"QBU" 1"%$04+8 , *$*"+43-"*+I'B) 1 -+)§"b"- ) &) +*&+" C*$*"
-4(1/4)-*-"2$45"[19'c*4/46"%h)/"'13$.*0"\[ Icl]’s portal free of charge \[ Icl"JHGW) ]¥"

SRR 8454 48*E)EF 41" ' 0*$* 18 08*+ 42 1 H$35FLeH T QV')1-" 1 IVE (, "%, " )$* & (' 1"
PYEF TSV ) —)$AT) ¥ —"8/) 4S5 +U2") 1-"BIDUAL'E, <48, *$', ) L-U") <AL )+ )&/ x4+
SQV' )L T IV SRR 7Y HAHR) GRS (L *$F)+ UP' )1 BID! $HI X R24UE) 16+ 5§, *$'8,)1"e, "
18) 1+5 ++'41" "< $* 100 G, *'$' 884 -3kt =" 2*§" 1" +8)8") /" $*+4/34" 410" {* 584$) ' $*+4/34"410") 1-"
Y$*) A Y6 1) T/ , ACHE, *T) - . ) 18) 65+ L—"="+) = . ) L&) 6*+'42)h , "+ )&/ /'8 B$4- gy

Table 5 The advantages and disadvantages of the utilized TerraSAR-X, RapidEye, and Landsat 8 imageries
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Table 6 Summary of the specifications of the TerraSAR-X, RapidEye, and Landsat 8 datasets used in this study

. . . LS8 L2 Surface
Specifications TSX Stripmap RE Ortho Level 3A Reflectance
Acquisition date(s) P'="2%$*10)UT3'+'8'41"-) 0+ 7* (**1"  W'f3/0"JHGK" W'3/0"JHGK"

JHGPAJHGW\ ) 7/*'=]"

Type U)-)¥ 588/ 5 88"%)/"

Sensor 1018, *&"M#8*$638*'U) -) $"\ 1#U]" f*1)A; 84$41'@" ;8%$)4'41)/'B)1-"15)6*$"
\;B!1"

Transmission HpE' . *" a)++' . * a)++' >

Band(s) VA7) 1-"\WIMO'CYF]" SI3MEEFFLGH-{'F*="*-6*"  Z4)+8)[")*$4+4/"7/3*"

1*)$A'128)$*-"\2)7/*'b]' BF**10'$*—("1*)$A" 128) $* ("

+, 4$&A () } *nl12$)$k_n
\2)7/+W]"

Polarization YYANASYYY A A A"

Georeference ?alciPIMOJ" ?alciKPIM ?alciKPIM

Imaging Mode 14$'85)8" A A

Revisit cycle GG"-)0+" 010"-)0+" GM"-)0+"

Spatial Resolution 05" 05" PH5"

Swath Width G="05" =="05" Gb0'@5"
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Figure 4 An illustration of the swath width comparison between TerraSAR-X (purple and turqoise), RapidEye (red), and
Landsat 8 (light green)

3.1.1. TerraSAR-X and TanDEM-X Mission Datasets
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Figure 5 Artist view on the TSX and TDX mission (AIRBUS 2015)

T1V''5)6*'884-3%6+"8%4 . " *&) '[*="+4'['%4 . *$") 1-"+3$2) %*"24$5)4'41") 1) /0+*+"\QBU" JHGW]¥'
M)$43+'608*+"42'+382) "4 . *$) 6*"$*2/ k"%, *'6$) 1+588* -"+'61)/'-"22*$* 18/0I'5) @' 16" - IV"'5) 6*"
8$4-3%et"'644-"24%' )1 -"04 . *$"+63-"*+"' - QV"8$4 . "-*+'&, *"6/47)['Q"6"¢) /' ?/* . )&'41"E4-*/"\Q?E]'
)+)'Q'6')/ 138) %" E4A-*/"\QIE]"'1+4*)-"42'Q'6'¢)/" = *$$)'1"E4-*/"\Q:E]"'5*)1'16"§, )§"&, >
product doesn’t represent the elevation of the bare earth surface but includes the covers on

§48"42'%,*"§*$$) " 10168 . *6*8)&'41(" ) &*$'74-00") 1-"5) 1AS) - *"47R*%&+"\? ; Z"JHGW]?"
3.1.1.1. TanDEM-X DEM

S, X IQV'QPE 4. *$116'E, ¥ +43-0")$%)" )+ 6*1*$)6*—"2$45" I 1 1V 1 QV' b4 . *$)6*+" 1" JHGG'
=3$'16" (, ", "%, ¥ +38) W Q&S * X428, * Q88 74-0" O+ 14 \IW'T) 13)$00 Ib' 1*8L+5 7!
)1-"PG' ;WA T*$'IHGG]Y = , *++"YHT3'+4'41"-) 0+ (F$*'5)$0* " 1" 7/)%@"/ 1*+" 1"€"63$* M'4 . *$'g, *'
$HUAS-*—"+3$0) I+ &S/ */)'d, ) 7)$4. ) TR)E ALY s, ¥ $H)E . *)L=") T+AI34*" . *$6"%) /) Hh3$) 40"
I3 (F$* I5" ) 1-" GHSL' $*+8%i . */0F =, *' GJI05" Q?E" $*+4/3¢41" ()+' +)58/*-" 144" 05"
+B)h 1602 -6*'8$*+% " 16'2'/6*§' ()+)88/*—¥'

GO"



12

E 9 5

E ‘

2 *

[ *

£ 6 o

; . u‘\/\‘

£, : W W_FX

2 : \\4___
0 =

1/1/2011 2/20/2011 4/11/2011 5/31/2011 7/20/2011 9/8/2011 10/28/2011  12/17/2011

Figure 6 The TDX was generated from TSX/TDX acquisitions (marked in black vertical lines) during low surface water
level (recorded at Khabarova station)

3.1.1.2. TerraSAR-X Stripmap
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Figure 7 TerraSAR-X image acquisition modes (DLR 2009)
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Figure 8 a) Horizontal and vertical polarization (JMA 2016); b) Satellite incidence angle (ESA 2014)
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Table 7 The specification of the utilized TerraSAR images

h4y?.*18 Q)& ;87 ad/)$'F)i41 11%"-*1%*"#16/*" a)+'Q'$*%e'41"
G' JHGPAHOAGK" ~ MO" YYAA Pb'A"PW! #H+h*1-"16"
J' JHGPAHMAHJ"  Jb" YYYHN PMA'P=" Q*+%*1-"16"
P" JHGPAHMAGG"  GOM" YYAN PP"A'PK" #H+0*1-"16"
K" JHGKAHOAHW" ~ Jb" YYYHN PMA'P=" Q*+%*1-"16"
0" JHGKAHOAPG"  Jb" YYYHN PMA'P=" Q*+%*1-"16"
M JHGKAHMAGG"  Jb" YYYHN PMA'P=" Q*+%*1-"16"
=" JHGOAHOAH="  Jb" YYYHN PMA'P=" Q*+i*1-"16"
b' JHGOAHMAHK" ~ GGW" YYYHN KH'A'KJ" Q*+i*1-"16"
W JHGOAHMAJP" ~ MO" YYAN Pb'A'PW! H+0*1-"16"
GH' JHGMAHOAGH" ~ GGW" YYYN KHA'KJ" Q*+%*1-"16"
GG" JHGMAHMAHG"  GGW" YYYHN KHA'KJ" Q*+i*1-"16"
GJ' JHGMAHMAIM" ~ GOM" YYAA PP"A'PK" H+0*1-"16"
GP" JHG=AHOAGW"  GGW" YYYHn KHA'KJ" Q*+%*1-"16"
GK" JHG=AHMAHK"  Jb" YYYH™ PMA'P=" Q*+%*1-"16"
GO" JHG=AHMAIW" ~ MO" YYAA Pb'A'PW! #+%*1-"16"
GM' JHGbAHOAG="  GGW" YYYHN KHA'KJ" Q*+%*1-"16"
G=" JHGOAHMAHM"  bH' YYAA J="A"JwW" #+%*1-"16"
Gb" JHGbAHMAGP"  Jb" YYYH™ PMA'P=" Q*+%*1-"16"
GW JHGWAHOAHK" ~ GGW" YYYHN KH'A'KJ" Q*+%*1-"16"
JH' JHGWAHMAHK"  bH' YYAN J="A"JwW" #H+0*1-"16"

JG' JHGWAH=AHG"  GOM" YYAA PP"A'PK" #H+h*1-"16"
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Figure 9 Different coverage of TSX Stripmap orbits on the study area

3.1.2. RapidEye Ortho - Level 3A

U)8'-20*"\U?]" "+ )" 2" . *At)&*/"e*" %A1 +8*/1)&' 41" \'[13+6$) &> -""1"e'63%*" GH]" (&, " OSA$*+4/38'41"
'5)6*$0"\QBU"IHHDL]Y" = , *"+'16/*"/)31%, "42'¢, *"U?" W41 +8*//)§'41"4440"8/)%*" 41" IW'#363+4" JHHD"
\?1#' JHGW7]Y'U?"8$4-3us+" (*$*'8%* . '43+/0'48*$) 4*-"70'% , *'U) 8'-?20*"#c(") 'c*$5) 1'c*46$) 8 , "I’
1124$5)4'41" 10+6*5" \c!1]"8%4."-*$" h4 ((" &, *0" ) $*" WdS5*$%") /'F*-" 70"&, *" a/) 1*&' B) 741" U?"

GW"



8/)4$5+ )$*' *T3'88*=" ('8,", * F*1)A; 8I$41'0" S3/4'ME*HS)/ '5)6*§ - , "+ ++1+48"0) 843+
2K ABHUES) [ T) 1+ 42' G, ¥ K PUESAS ) GLE U +BHUISIEN' §*— BSFH L[ 7/3H(" =" *—6*(" ) 1" 1*)$h
"128)$*="\ 1) 7/*" b1V 3 1/0") "B =" U B ) 6F$ 4" (*$*' 884 = * =" 70" #__I"FYh," (8, " "2 14"
4. *$)6*) 1-"WA3-"%4 . *FBHPF1L) 641 = , ¥ 5) 6+ YRT3'$*~"41"W'F3/0"THGK" ) ++*/* W+~ ~3*'44"
&, *'644-"T3)/40") 1-"¢, *'/*)+4") SA31L'4INA3-"%4 . *§'S*$H*18) 6+"%", ) *hA58) $* 44"k, *'4k , *$+'
1'106%%, *UP"5)6*$0" () +'3+*="24$1) 1 -4 . *$W/)++'2%) 4 41") L-%41+'~*$' 16%., )&%, *$*" () /6"
RA'14"%, ) 16%"421)1-"h4 . *§'41"%, *'+83-0")$*) '41/0") +'16/*" 5)6*" () +'3+* "

Figure 10 The RapidEye system consists of five satellites (DLR 2008)

Table 8 RapidEye bands
Band Wavelength (nm)
G"-"S/3*" KKH"-"OGH"
J'-"cg**1" OJH"-"OWH"
pr-"y*-" MPH"-"MbO™
K'-"U*-"2-6*" MWH"-"=PH"
0'-"h*)$AI128) $*-" =MH"-"bOH"

3.1.3. Landsat 8 Level 2 - Surface Reflectance

B)1-+)&"'b"\'//3+$)é*-""1"e'63$*"GC) is a U.S. Geological Survey (USGS)’s observation satellite
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Figure 11 Landsat 8 satellite platform (EOS 2019)

Table 9 The Landsat 8 L2 surface reflectance bands (Barsi et al. 2014)

Band Wavelength (um) Useful for mapping
G"-"Z4)+&)['#*$4+4]" HIKPO"A'HIKOG" Z4)+8)[) 1-") *$4+4/"+43-"*+"
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3.2.1. Upstream Discharge at Kyusyur
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Figure 12 Daily gauged river discharge at the Kusyur station in 2014

3.2.2. Surface Water Level at Khabarova
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Figure 13 Daily gauged water level at the Khabarova station in 2014
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3.2.3. Land Cover
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Figure 14 The land cover information of center-north part of the study area (Heim 2019)

Table 10 Land covers and the corresponding roughness height (Heim 2019)
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Deriving Kennaugh elements from the raw TSX Stripmap files
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Table 11 TerraSAR-X Kennaugh elements

Kennaugh Element Description for Meaning
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Table 12 Kennaugh element combinations for HHVV and HHHV polarization
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Deriving Sigma Naught from the Pre-processed TSX Stripmap
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Figure 15 The combinations of defined spatial details and spectral details for mean-shift segmentation (ESRI 2015)
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Figure 16 The rock island before and after the interpolation
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Figure 17 Riverbed changes of between Sardakh and Trofimovskaya islands between 1948-2011. Units are in meters
(Fedorova et al. 2015)
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Figure 18 Lena river near Kyusur by Max Holmes (ArcticGRO 2003)
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Figure 22 Iso-clustering of point data with two features (each on separate axis) (Klie 2017)
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Figure 24 Creating training and test samples
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Figure 26 a) training the Random Forest classifier; b) testing the Random Forest classifier
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Figure 28 A 1D HEC-RAS geometry of a braided river system (Caruso et al. 2013): a) the shape of the braided river
system, the red line is the stream center line; b) the cross-section lines; c) the profile of a cross-section line
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Figure 29 The generated HEC-RAS geometry lines in QGIS
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Importing the GIS data to the Geodatabase
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Table 13 Geodatabase HEC-RAS geometry table attributes
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Generating the HEC-RAS SDF Input File

3, DR HFE O ) S F-"438" 64" (8188, * 112435) 841" +64F* "1 184" &, ¥ 6%4-)8) T)+*" &) T/*+
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1Qe"2' /*" W4 1+'+6+"42") I['¢, *"6*4%4-*-""124$5)4'41"2$45"¢ , *' 8%* . '43+/0"5*18'41*-"6*4-)&) 7) +*"
§)7/*+" 1) "4*<4'24$5)8"\)+'+,4 (1" 1"e'63$*'PH]Y = , *"1Qe"2'/*" () +'6*1*$)&*-" (&, "4, *"U" . *$c! I
*<4*1+'41, using the “Z$*)&*"U#1'c!1"1584%¢'e" /> ¢44 /8"

#This file is generated by RiverGIS, a QGIS plugin (http://rivergis.com)
BEGIN HEADER:
DTM TYPE: GRID
DTM:
STREAM LAYER: rivergis@localhost/mainchannel2km/StreamCenterlines
NUMBER OF REACHES: 3
CROSS-SECTION LAYER: rivergis@localhost/mainchannel2km/XSCutlines
NUMBER OF CROSS-SECTIONS: 55
MAP PROJECTION:
PROJECTION ZONE:
DATUM:
VERTICAL DATUM:
BEGIN SPATIAL EXTENT:
XMIN: 388750.509403801
YMIN: 7955412.78387658
XMAX: 442771.645517239
YMAX: 8042954.57709528
END SPATIAL EXTENT:

439945.572365929, 7955601.34201729, 29.63

Figure 30 A snippet of the beginning and end of the SDF file
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The law of conservation of mass
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Discharge Data Adjustment
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Figure 32 Adjusting the gauged discharge datasets
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Extracting the discharge value into a time-series constant discharge datasets

PUHAL-"8 41+, )& (P 4T+55. %" 1", "+"+3-0NG] 14 (' "+%, ) $6*1'J]"5*~"35"-"+%, ) $6*(") L-"P]'
V16, =", ) 8650 s, X4 (=", ) 6% )/BF4 (SR QXL TRAS, M UA4-"—* *148*-"1"%)$0"E) OF
DB, =, )$6%. ) /3R () @ LS4, FBX) AL, U 44T T FB* 135 "4, )§6". ) /3*+
O %L1, * 244" QU160 , *EB*2845" (, %, '8, ¥+ ) 3%+ (<) —" )+
PG Y RAS—"16/0'84, *) ) ) 7'/ 40"42) B44-"T3) /40" 1V'I8$'8 5) 84'S ), ¥'2 ) TIGK , 4 (+
&, PR ") 0+) L8, ¥ HASS*+BAL-"16"-"+%, ) $6*". ) /3*+248'L, *'+ 53/)§' 41"

Table 14 The low, high, and medium discharge values for the simulation

No. Date Label Q (ms3/s)

G JHGPAHOAGK" B4 ('-"+%, )$6*"IHGP" PHJIH"
J' JHGPAHMAHJ" Y'6,"-"+%h,)$6*"JHGP" GOOIHHH"
P JHGPAHMAGG" E*-'35"-"+%, )$6*"JHGP" OMIHHH"
K JHGKAHOAHW" B4 ("-"+%, )$6*"JHCK" J(IbH"
o JHGKAHOAPG" Y'6,"-"+%h,)$6*"JHGK" G=P(HHH"
M JHGKAHMAGG" E*-'35"-"+%, )$6*"JHGK" MICKHH"
= JHGOAHOAH=" B4 ('-"+%, )$6*"IHGO" JWbw"
b JHGOAHMAHK" Y'6,"="+%h,)$6*"JHGO" GK=tHIW"
w JHGOAHMAJP" E*-'35"-"+%, )$6*"JHGO" MICHHH"
GH' JHGMAHOAGH" B4 ('-"+%, )$6*"IHGM' OlPMM"
GG" JHGMAHMAHG" Y'6,"="+%h,)$6*"JHGM' GJIbOWP"
GJ' JHGMAHMAJM'" E*-'35"-"+%, )$6*"JHGM" =HWHH"
GP" JHG=AHOAGW" B4 ('-"+%, )$6*"IHG=" J(=JH"
GK" JHG=AHMAHK" Y'6,"~"+%h,)$6*"JHG=" b=(GJH"
GO" JHG=AHMAJW" E*-'35"-"+%, )$6*"JHG=" M=(WbH"
GM' JHGbAHOAG=" B4 ('-"+%, )$6*"IHGH" JbGH"
G=" JHGbAHMAHM" Y'6,"-"+%,)$6*"JHGD" GGWIIHH"
Gb" JHGbAHMAGP" E*-'35"-"+%, )$6*"JHGD" MOtb=H"
oW JHGWAHOAHK" B4 ('-"+%, )$6*"IHGW" PIKJIH"
JH' JHGWAHMAHK" Y'6,"="+%,)$6*"JHGW' bP(HHH"
JG" JHGWAH=AHG" E*-'35"-"+%, )$6*"JHGW' KMIJHH"
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Importing the Geometry to HEC-RAS
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Figure 33 The HEC-RAS geometric data view
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Junction Data

T FUSAHHARIET A1) [ [ 1 38 H$*) 584G, FRILULAL", ) =04 TH " (8, "%, * QA (L1 H$*) 5"U*),"
B*16&,+"42'H'\S$311*$")1-"2?!___UAY?Z"IJHGM]¥ RiverGIS didn’t define the junction that way.
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/%8> -"24$'8 , *"R31%6'41" %4 5834) 6’418 1, *"?1*$60" S)/)1%*"\?1*$60]" 5*&,4-"+4/ . *+"'&,*" _I"
**.)§'41+"70"3+'16'%, *"*1*$60"*T3)&'41") h$4++'¢ , *'R31%&"41Y"

Reduce Geometry Data
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- There is a limit of 20 Manning’s value per cross section"
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Figure 34 Cross-section 63216.78 before and after the elevation points were reduced to 500
n
Steady Flow Data Input
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Table 15 Steady flow data input

Lena downstream
Lena upstream Khabarova reach

Date reach runoff
reach runoff (m3/s) (m3/s) runoff (m3/s)
JHGPAHOAGK" PIHIHIHH" GIWbHIGb" GHPWIbJ"
2013 JHGPAHMAHJ" GOOMHHHIHH" GHGIMPGIMM" OPIPMbIPK"
JHGPAHMAGG" OMHHHIHH" PM=GbIOK" GWIbGIKM'
JHGKAHOAHW" J(IbHIHH" GIKWKW=" =bOHP"
2014 JHGKAHOAPG" G=PIHHHHH" GGPIKPKIHO" OWIOMOWO"
JHGKAHMAGG" MIKHHIHH" KHIWGKIWK" JGIKbOIHM"
JHGOAHOAH=" JIWbWIHH" GIWOWShO" GIHIWIGO"
2015 JHGOAHMAHK" GK=HIWIHH" WMIKHOYG=" OHIMIPILP"
JHGOAHMAJP" MIHHHIHH" KHIMOJM=" JGIPK=IPP"
JHGMAHOAGH" OlPMMIHH" PIOGbIKJI" GlbK=i0b"
2016 JHGMAHMAHG" GJIblOWPIHH" bKIPGMIWG" KKII=MIHW"
JHGMAHMAIM" =HIWHHIHH" KMIKbbIJw" JKIKGGI=G"
JHG=AHOAGW" J(=JHIHH" Gl=bP¥K=" WPMIOP"
2017 JHG=AHMAHK" b=(GJIHIHH" 0=(GJPI00" JWIWWMIKO"
JHG=AHMAIW" M=(WbHIHH" KKIO=PMb" JPIKHMIPJ"
JHGbAHOAG=" JIbGHIHH" GbKJKb" WM=10J"
2018 JHGbAHMAHM" GGWIHHIHH" =b(GObIHP" KGIHKGIW="
JHGbAHMAGP" MOlb=HIHH" KPIGWHIGL" JIM=WibJ"
JHGWAHOAHK" PIKIHIHH" JIIKIKO" GIG==900"
2019 JHGWAHMAHK" bPHHHIHH" OKIKJJGI" Jbl0==1bb"
JHGWAHMAIW" KMIIHHIHH" PHIIWI&=W" GOWH=13G"

Unsteady Flow Data Input
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Cross-sectional line spacing (Ax)
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Time step (At)
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Table 16 The average velocity and the computational time step of each simulation setup

No. = . .
Event Date V (m/s) At < (mins) At (mins)
G' JHGPAHOAGK" HIbKO" PWIKMW" PH'
J' JHGPAHMAHJ" PIMPO" WIG=H" M
P JHGPAHMAGG" JIKbP" GPIKJIJ" GJ"'
K" JHGKAHOAHW" HI=MW" KPIPMJ" KH'
0" JHGKAHOAPG" PIWJIK" bIKWM" M
M JHGKAHMAGG" Ji0b0O" GJIbWK" GJ"
= JHGOAHOAR=" HIbKG" PWIMGK" PH'
b JHGOAHMAHK" PIOMG" WIPMG" w
W JHGOAHMAJP" Ji0=b" GJWwIw" GJ"
GH' JHGMAHOAGH" GIHGW" PJMW=" PH'
GG JHGMAHMAHG" PIP=b" WibM=" w
GJ"' JHGMAHMAIM" Ji=Hb" GIIPHW" GJ"'
GP" JHG=AHOAGW" HIbGM" KHIbOH" PH'
GK" JHG=AHMAHK" JWG=" GGIKIW" GH'
GO" JHG=AHMAIW" JIMMM" GJIOHJ" GJ"'
GM™' JHGbAHOAG=" HIbJO" KHIKG=" PH'
= JHGbAHMAHM" PiIbJ" GHIGOM" GH"
Gb" JHGbAHMAGP" JIMPM" GJIIMKM" GJ"
GW" JHGWAHOAHK" Hib=Db" P=wMO" PH'
JH' JHGWAHMAHK" JIbMO" GGIMPK" GH"
JG' JHGWAH=AHG" JIPGK" GKIKHK" GJ"

The Cross-section Table Properties (HTab)
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-3$'16"¢, *"W45838) &' 41 1" 1%*"8, "+ %3F. *"+"-*2 L *F-" 1" -+UGFEF"BA L&', *" L ) [3FH TR,
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)$*) A2 )%, US4+ UL AL+ 126, > CREEF-")$F) "+ L4E %A L FSF-"T70" 8, * AUSF 518" 84" 1EH" &, *
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e'63$*'PO™+, 4 (+'%,*"Y 1) 7'8)$) SH*$8) 7/*1'; 1'¢, *'$'6, &'+ —*U', *" 16*$84/) 4’41 " 1U$*S5* 14/ 1*+"
428, *"$4++'+*%6' 41" MPIGMI=b"+"+ , 4 (19" = , *'/* 1*+" C*$*'8/) > -"WA+*'846*6, *§' , *1%*'¢, *"&'/440+"
['@*")"%418'1343+"6$*0"%4/48)" = , *"+8)$8'16"*/* . )&'41" ) +'+*8"84"8, *" 14 (*+4' 84" 18" 42 %)%, "%$4++"
08419 - > 16*$84/)6 41" LU$*5* 18" ) +"+*8"84"HIGY - , *"* 1U$*5*14"84" 14+" (*$*"+*4"¢4" JOH" 4"
%4 *$6, *" Cag*F-") )"

River Reach RS ChanMin | StartingEl | Increment | Points(20-500) | LOB | Chan | ROB Lena Lena main 63216.78 J
1|Khabarova Khabarova1 11607.11 -10.04 -10.04 0.1 250 5 5 5 140
2|Knabarova _|Khabaroval |3417.894 10.33)  -1033 0.1 % 5 5 s Legend
3|Khabarova __|Khabaroval | 7739.569 -10.59 -10.59 0.1 250 5 5 5 EG Max WS
4|Khabarova Khabaroval 5744.965 -9.91 -9.91 0.1 250 5 5 5
WS Max WS

5|Khabarova Khabaroval 3754.543 -9.88 -9.88 0.1 250 5 5 5

“6|Knabarova__|Khabaroval _|1724.088 081 -10.81 0.1 2% 5 5 5 120 Ground

|_7|Khabarova Khabaroval 112.3434 -10.25 -10.25 0.1 250 5 5 5 Bank Sta
8|Lena Lena main 85087.52 -13.35 -13.35 0.1 250 5 5 5 HTab ncr
9|Lena Lena main 93246.10 -14.22 -14.22 0.1 250 5 5 5

10|Lena Lena main 91200.86 -12.47 -12.47 0.1 250 5 5 5 100

11|Lena Lena main 89219.34 -13.79 -13.79 0.1 250 5 5 5

12|Lena Lena main 87202.13 -11.73 -11.73 0.1 250 5 5 5

13(Lena Lena main 85217.40 -10.04 -10.04 0.1 250 5 5 5

14(Lena Lena main 83237.56 -9.87 -9.87 0.1 250 5 5 5 80

15|Lena Lena main 81217.45 -10.65 -10.65 0.1 250 5 5 5

16|Lena Lena main 79212.78 -10.24 -10.24 0.1 250 5 5 5 —

17|Lena Lena main 77244.16 -10.15 -10.15 0.1 250 5 5 5 E

18|Lena Lena main 75246.36 -10.39 -10.39 0.1 250 5 5 5 s 60

19|Lena Lena main 73272.57 -10.29 -10.29 0.1 250 5 5 5 §

20(Lena Lena main 71319.79 -9.71 -9.71 0.1 250 5 5 5 2

21|Lena Lena main 69258.10 -10.49 -10.49 0.1 250 5 5 5

22|Lena Lena main 67237.24 -10.78 -10.78 0.1 250 5 5 5

23|Lena lenaman___|65236.92 1081 -1081 0.1 2% 5 5 5 40

24|Lena Lena main 63216.78 -11.52 1152 0.1 250 5 5 5

25(|Lena Lena main 61230.21 -10.39 -10.39 0.1 250 S 5 5

26(Lena Lena main 59197.85 9.93 -9.93 0.1 250 5 5 5

27|Lena Lena main 57155.54 -9.88 -9.88 0.1 250 5 5 5 20

28|Lena Lena main 55230.79 -10.16 -10.16 0.1 250 5 5 5 r p 1

29|Lena Lena main 53261.88 -10.09 -10.09 0.1 250 5 5 5 g W

30|Lena Lena main 51375.29 -10.7 -10.7 0.1 250 5 5 5 l |

31|Lena Lena main 49256. 16 -10.39 -10.39 0.1 250 5 5 5 0

32|Lena Lena main 47239.29 -10.76 -10.76 0.1 250 5 5 5 W \

33|Lena Lena main 45252.28 -10.92 -10.92 0.1 250 5 5 5 \‘\WJ

34|Lena Lena main 43304.26 -11.52 -11.52 0.1 250 5 5 5

35|Lena Lena main 41209.82 -10.42 -10.42 0.1 250 5 5 5 20

36|Lena Lena main 39187.90 -10.7, -10.7 0.1 250 5 5 5 0 2000 4000 6000 8000 10000

37|Lena Lena ma?n 37152.02 -10.42 -10.42 0.1 250 5 5 5 Station (m) 6407.41, 110'41,J

38|Lena Lena main 35169.32 -9.82 -9.82 0.1 250 5 5 5 | =T n

Figure 35 The HTab parameters, with cross section 63216.78 shown on the right

Contraction and expansion coefficient
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Downstream slope
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Table 17 The simulation parameters

Boundary Upstream Y0-$46$)8,"\:)7/*"GK]"

Condition
Downstream e$'%8'41"+/48*"42"HIHHHG"

Initial Upstream 11'6")/'Q"+%,)$6*"\ - ) 7/*'GK]"
Condition

Joints Q'+%,)%$6*".)/3*+")Wh4$-"16"64"¢ , *" (*&8*-")$*)"\ 2 ) 7/*'GO]"
Cross-sectional line spacing J'@5"

Computational time step U)16'16"2$45"M'-"KH'S"1+"\ 2 ) 7/*"GM]"

Simulated area GIOMGIGO'e5."
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Figure 36 The DEM corrected with generated trapezoidal channel with the maximum depth of -10 m. The terrains
higher than 10 m were not shown as those were irrelevant to the simulation
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6.2.1. TerraSAR-X and RapidEye Stack

@1 =sand

[J2 =holocene terraces

[[13 =vegetated floodplain & pleistocene terraces
I 4 =densely vegetated floodplain

5 = water body

[16 =rock

Figure 37 The land cover classification map obtained from the stack of TSX and RapidEye datasets
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Table 18 The confusion matrix of the TSX-RE west tile land cover classification
Predicted class
Vegetated User's
floodplain Densely accuracy
Sand Holocene & vegetated | Water body Rock (%)
terraces . R °
pleistocene | floodplain
terraces
Sand 11 0 0 0 0 0 100.0
Holocene 0 7 0 0 0 0 100.0
terraces
Vegetated
floodplain
" & 0 1 9 0 0 0 90.0
s pleistocene
= terraces
©
2
< Densely
vegetated 0 0 1 15 0 1 88.2
floodplain
Water body 0 0 0 0 10 0 100.0
Rock 0 0 0 1 0 4 80.0
Producer's accuracy 100.0 87.5 90.0 93.8 100.0 80.0
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Table 19 The confusion matrix of the TSX-RE canter tile land cover classification

Predicted class

Vegetated User's
floodplain Densely accuracy
Sand Holocene & vegetated | Water body Rock (%)
terraces . i
pleistocene | floodplain
terraces
Sand 27 0 0 0 0 0 100.0
Holocene 0 6 0 0 0 0 100.0
terraces
Vegetated
floodplain
- & 0 0 4 1 0 0 80.0
k] pleistocene
> terraces
©
3
& Densely
vegetated 0 0 1 2 0 0 66.7
floodplain
Water body 0 0 0 0 18 0 100.0
Rock 0 0 0 0 0 1 100.0
Producer's accuracy 100.0 100.0 80.0 66.7 100.0 100.0
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Table 20 he confusion matrix of the TSX-RE east tile land cover classification

Predicted class
Vegetated User's
floodplain Densely accuracy
Sand Holocene & vegetated | Water body Rock (%)
terraces . .
pleistocene | floodplain
terraces
Sand 6 0 0 0 0 0 100.0
Holocene 0 4 0 0 0 0 100.0
terraces
Vegetated
floodplain
" & 0 0 14 3 0 0 82.4
s pleistocene
> terraces
1]
3
3 Densely
vegetated 0 0 1 12 0 0 92.3
floodplain
Water body 0 0 0 0 13 0 100.0
Rock 0 0 0 0 0 6 100.0
Producer's accuracy 100.0 100.0 93.3 80.0 100.0 100.0

The highest user’s accuracy, 100%, is achieved by the sand class, holocene terraces, and water
body class for all tiles. The lowest user’s accuracy, 66.7%, is achieved by the denselyA.*6*&)&*-"
244-8/)"1"41"% , *"%*16*$'¢'/*)" - ,*"highest producer’s accuracy, 100%, was achieved by the sand
and waterbody classes on all tiles. The lowest producer’s accuracy, 66.7%, was achieved by the
-*1+*/0A.*6*8)&*-"2/44-8/)'1"41"8 , *" > 18*$"8&'/*V" - ,$436,"&, "+ $*+3/80" "¢ %) 1" 7*"%41%/3-*-"¢, )&
+)1-0", 4/4%*1*¢*$$) W*+H") 1-"()8*$74-07)$*",'6,/0'-"+8"163"+, ) 7/*("(, *$*) +'-*1+*/0A. *6*&) &*-"
244-8/)"1"+"148)

S F ST B8AS) 1 42' %, X UY1-45" e4$*+§ W) +2*$" 4 &, *' 5*) 43§ 424, *' $)10' 16" 47
'584%K) 1427) 43§+ 1", "+ H) UL, S HFST) 141" 1, ¥ A)$) 7/ 158480) 11" E*) +3$*"\N E]'47
8, *'U) L-45"e4$* +{) ++'2*$248E, =" C-HU%* 16<$0) 1 ") +8'8' [+ +8$*+*14* " 1'e'63$*'Pbi'c’ . *1"
8,88, *"18) 116" =)&) i (RS T)H*="41"%, ¥ U?"7) 1—+"\7/3*(" 6$** 10 §* ' $* =" *—6*(") 1-"1*)$'
'128)$* 108, AE'A2E, 7Y 1-+)$'53%,", "6, *§'8, ) 1", )84, ' IV'7) L-+"\dHI'dPI") 1-"dK]¢
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Figure 38 The Variable Importance Measures (VIM) of TSX bands and RE bands for the Random Forest-based land cover
classification

6.2.2. Landsat 8
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[[J2 =holocene terraces

[[13 =vegetated floodplain & pleistocene terraces
M 4 =densely vegetated floodplain

M 5 = water body

[16 =rock "

Figure 39 The land cover classification map obtained from the LS8 datasets

The highest user’s accuracy, WPII=(""+")%,"* . *-"70"¢,*"+) 1-"W) ++. The lowest user’s accuracy,
OPb=("+")%,"* . *-"70",*"$4%@"%/) ++. The highest producer’s accuracy, WPIJ=>("()+")%, "*.*-"70"
&,*"+)1-"%/)++. The lowest producer’s accuracy, OH=(" (Q+")%, "> .*-"70"&, *" $4%@" %/ )++)" = ,"+"
+, 4R +*+'8, )88, * ) 1-""4","6,/0"="+8" 163"+, ) 7/*0" (, *$*) +'$4%@" " +'&, *"/*) +&'-"+§'16 3"+, ) 7/*"42"
W&, %) ++*+'4,$436, "%, *'BID"7) 1-+Y'



Table 21 The confusion matrix of the LS8 land cover classification

Predicted class
Vegetated User's
floodplain Densely accuracy
Sand Holocene & vegetated | Water body Rock (%)
terraces . R
pleistocene | floodplain
terraces
Sand 41 0 0 0 2 1 93.2
Holocene 0 8 8 0 1 0 471
terraces
Vegetated
floodplain
- & 0 4 20 6 0 2 62.5
4 pleistocene
= terraces
©
3
< Densely
vegetated 0 0 5 23 0 4 71.9
floodplain
Water body 2 1 2 0 36 0 87.8
Rock 1 0 0 5 0 7 53.8
Producer's accuracy 93.2 61.5 57.1 67.6 92.3 50.0

I'5'7)$"44"4, *'U)1-45"e4$*+4 ME"42'%, *" - IVAU?' W)+ 20) 8 4108, *" . )$) 7 (', "8, %", "6, %+
"S848K) LU +'%, *"1*)$A128) $* " 7) 1-"\+, 4 (1" 1"e"63$*"KH]Y' 2 , *'/*) +4"" 584%) 14'7) 1-"24$'¢, +'
WY+ TBYE AL, FUA) )Y KA+ TY LY T K LR SA LIS $* "+ 8*WSB S A L+ +4+'42") "[) $6*"++4' 47
4. *$A1*+)1-"HA5 7 1)8"41'7) 1-+'5) 0" 168" 54$*" . )§'* ") ih4$-"16"84",, *'+3$2) U+ %4 . *§i" - ,*"
UA)HR) /") *SA+AI TY L-("41", ¥4k, *$" , ) 1 =("+'3+%23/"A$%A) +4) ') 1=") *$A+A4/"+43-"*+['T 34" -4*+"1 48"
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Figure 40 The Variable Importance Measures (VIM) of LS8 bands for the Random Forest-based land cover classification

MIPY Manning’s Surface Roughness Coefficient"

"The Manning’s surface roughness coefficients were assigned to each land cover cla++'Q3*"¢4"
&, *" %@" 42" 2"*/-"+3$2)%*" $436 , 1*++' 5*)+3$*5*14" )" (*//A@14 (1" Manning’s value" $*2*$*1%*"
\Z,4("GWOW]" ()+'used to approximate the Manning’s +3$2)%*'$436 , 1*++"%4*22")%"*14+"7) +*-"41"
&, *" +3$2) U+ *§ WY ++H4Y T K B - F\LASE) ] hA*Q Y F L L )I3x+" CRF X Fpgx ="\ ) 7+ I T
S)+*-"41")"8%*/'5"1)$0"+63-00""¢" Q) +'%41%/3-*-"8, ) &' S4+8"42'4 , *"$" . *§7*-""1"¢, *"+43-0") $*)"'+"
5)-*42+)1-V: , *$*48*08, > Qe*$74-0W)++" Q+ %41+ -*$*-")+'+) 1-0'¢" . *§7*-"

Table 22 The Manning's roughness value of the channel and floodplain

No Land cover class Manning’s roughness
value
G 1)1-02/44-8/)'1" HIHKD"
J Y 4/4%* 1*'§*$$)h*+" HIHMH"
P N*G*E)§*-"244-8/) 1) 1-"al* " +44%* L*"§*$$) %> +" HIH=H"
K Q*1+*/0".*6*8)&*-"2/44-8/)'1" HIGOH"
o 1)1-0¢".*§7*-" HIHPH"
M U4%@" HIHKH"
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6.4.1. The model sensitivity to the cross-sectional line spacing (Ax)
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Figure 41 Unstable result due to cross-section lines being too close together (in the picture, Ax = 50m)
HihA$-"16'64'C)$0"_I'S$311*$\IHGG]!+8) %' 16'S , Y& +'8/) I ~"SAA W A+*" /) 3+*'4 . *$*+4' 5 ) 4*-"
*1*$60"/ 4+ '8 & —"+'61'2H) LE*$$A" () . ¥+ *8+ 1 160") 1-"54—*/"1+8) 7'/40'41'%, *'$'+'16'
R4y FYAA=" () FUHIRAS—" 16'34"E, )& -+ 88" 410" W) S, )k, *'+8)%' 167+ (**1"IH'
5'44'GI0"05" (*$*'444"+5)/'248'8, "+"+' 538 4104, *' () . X +F*8*1'16") 1-"¢, *""1+8) 7'/'40"41"
8, %S 16 —*AYE, Y A4=" () . AUh3GSE )"

#U8, **1-0"8" Q+"2431-"438'¢, )%, *'Ax"42' J'05" (4$0+'44"+8) 7' /'F*'6 , *"+'53/)&'418 -, *'-"+8) 1%*"
42°J'05"+' T34 7'6")1-"5"6,8'$*+3/&""1"4, *"[4++"42'4,*"%, ) 11*/'7) &, 05*830" -*8) "/+V' Y4 C* . *$'
6'.*1'%,)8'%, *"$" . *$7*-"42'8, "+'+63-0")$*)" ()+") 88$4<"5) &> -"84" 7+ T3'¢*" 2 )4'&, *"[4++"42"-*§) *[+"
QO+'148+'61'2'%) 18" -, *'6*1*$)&*-"6*45*4$0"/'1*+"1"e'63$*"IW", ) +"+, 4 (1'¢, )&%, *""+)1-+¢, )&
=G KRN, KOS I 8E AL -"T0E, F US4+ AU 41" 1+

=H"



6.4.2. The model sensitivity to the time step (At)
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6.4.3. The model sensitivity to the downstream slope
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Table 23 Two-class confusion matrix

predicted’

YES' NO'

Hits " Misses™""""
YES'

n':$3*"'ad+'g’  *+" n'e)/+*'"h*6)&" . *+"

actual'

False Alarms"""""""""| Correct Negative"""""
NO'

"n'e)/+*"ad+'g’ *+" n'z$3*'h*6)&" . *+"

YUY 1§35 4+ Y SFR) 4L (L, R )+ RSB - D2 1\8 < Y44+ -]) 1"
HUYAA-X LGP ZASSH DAY KT $3F N*B) KSR )L (Y ) RS
BS*—E*—" 3 \B'<H "+ LAY A4 1) L-"GH LALYAA—* =" 1'S%) [PV E 4P ) [N+ ++0
ISR RLC, ", R, F ) DSBS "D BT LAY A4+ T B LAY A4+ 1)
[T H)SSH PTRY A" Akt FH)SF )+ "L (M, "k, T W)+ B k"D 2"\
UAL—*JT3E"E"H LA UAL— LS [T 2"

C'.*1"8,)8"%, *" 7"1)$0" $) +&*F' 2'/*+" ) $*" $*%8) 163/) $A+, ) 8* (" &, *" 141A/44-*-"8'<*/+" 47 .'43+/0"
4361357*$*-" &,*" 044-*-" 8'<*/[+)' BA4@'16" '184" &, *+*" 141M/44-*-" 8'<*/+" (43/-" 148" 7+
$*8F*+*18)&" . *" 84", *" $*+3/8" ) W%3$) %00 +'1%*" Y?ZARAS wasn’t used to model the rectangular
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*T3)&'41X'

True Positives
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rue rostie rate = o ctual flooded pixels
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Table 24 The values of the Hits, False Alarms, Misses, Correct Negatives, and the True Positive Rate of the modeled
inundation boundaries and the TSX-TDX-generated flood maps

Upstream Q . False . Correct Actual ™
Condition Year Date (m3/s) Hits Alarms Misses Negatives Flo:foded rate
Pixels (%)
2013 2013-05-14 3,020 9,949,673 1,273 4,869,880 127,513,439 14,819,553 67.14
2014 2014-05-09 2,280 9,488,014 1,422 4,403,787 128,441,042 13,891,801 68.30
2015  2015-05-07 2,989 9,854,936 77,595 835,407 131,566,327 10,690,343  92.19
Low runoff 2016 2016-05-10 5,366 10,768,918 3,211 3,122,883 128,439,253 13,891,801 77.52
2017 2017-05-19 2,720 9,776,365 1,226 5,043,188 127,513,486 14,819,553 65.97
2018  2018-05-17 2,810 9,827,743 1,552 4,064,058 128,440,912 13,891,801  70.74
2019 2019-05-04 3,420 10,153,633 1,835 3,738,168 128,440,629 13,891,801 73.09
2013 2013-06-11 56,000 23,982,605 17,788 11,391,349 106,942,523 35,373,954 67.80
2014 2014-06-11 62,400 25,480,671 385,585 3,635,446 112,832,563 29,116,117 87.51
. 2015 2015-06-23 62,000 25,720,984 30,855 8,534,481 108,047,945 34,255,465 75.09
N:j::;;n 2016 2016-06-26 70,900 28,114,601 85,190 6,140,864 107,993,610 34,255,465 82.07
2017 2017-06-29 67,980 27,353,963 60,497 6,901,502 108,018,303 34,255,465 79.85
2018 2018-06-13 65,870 26,750,819 87,833 6,287,220 109,208,393 33,038,039 80.97
2019 2019-07-01 46,200 20,767,281 265,736 4,401,529 116,899,719 25,168,810 82.51
2013 2013-06-02 155,000 40,544,939 10,470 3,477,519 98,301,337 44,022,458 92.10
2014  2014-05-31 173,000 41,486,381 9,863 3,563,180 97,274,841 45,049,561  92.09
2015 2015-06-04 147,029 40,045,741 15,998 3,556,419 98,716,107 43,602,160 91.84
High runoff 2016 2016-06-01 128,593 38,457,361 200,678 1,750,369 101,925,857 40,207,730 95.65
2017  2017-06-04 87,120 32,435,780 5,977 9,467,597 100,424,911 41,903,377  77.41
2018 2018-06-06 119,200 37,712,240 7,028 5,084,650 99,530,347 42,796,890 88.12
2019 2019-06-04 83,000 31,435,567 11,323 7,586,661 103,300,714 39,022,228 80.56

LN EALTHRCFLE, * 183 ad+ e . F ) §F ) 1-"8, *"38+6$%) 583142+, 4 (+'E, *"8$*1-"8, )&%, *"
)U%3$)%0"42'¢, *"S4-*/*-"131-)4'41"7431-)$"*+"+",'6,*$"(, *1'¢, *'U44-"$*)%, *+'¢, *'8*) @) 1-"
148, >4 <88, *'38+$*) 5831422 +" 2, '+'4$* 1 -""+'8$*+* 1&*-""1"e"63$*"KIV'
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Figure 42 The upstream runoff plotted against the True Positive (Hits) rate (%)
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Figure 43 The stream centerline surface water profile plot of the simulation result compared to that of the TSX-TDX-
generated flood map of the medium upstream runoff 2014. Upstream of the channel is located on the right
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Figure 45 The flow velocity of the 2014 Spring flood event during a) low upstream runoff (early May), b) high upstream
runoff (late May), and c) medium upstream runoff (mid June)
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Figure 46 The flood depth of the peak flood in 2014 (the flood with the highest recorded upstream runoff during the
simulation period)
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