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3. unconfined

4. The degree of confinement
5. The confinement index
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1. Artificial structures
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1. degree of sediment



U (oMl e el By 206390 Anllae) gt oMyt Bl & (iadsS SWS29, Gy DS S g (gui

By (S (P95 ) il dgrg o3l cul dtel 3 (egia Ul g Al de2g b j5 SIS Bl VA B1L
el 03,8 Jos aildgy (oS (gl oaiiSagume Jole laicas o) Jleislay 48 03 03 pl 4 bgyye  (BICgu,
(Vo5 o 8 ¥ FO s ) 0 (Vb (o, Cuns ghyld &S ((VF 9 MY Y (gloojl) S5 S &log, 5L Y o ¢ 3,k
(Ci) ol a3 ls (el o3l s ol il 2 0gdMe s 0y e gtimn il gt iz (g2 B (oye 2y

ol (598 5 2 520l 48 Loy VL (@3gs) B2y

slaalBag, 5l ojl o bl > &Bly il slaglato pdaw )3 SCS bg, 3l oolitul b s Ko (05 390y
s asloe ojly sliie )3 Ol s ol 5 ol (lalie daw Bl Sy 23 25900 b 1S Pl gy 250
S oslizul b bys soly olgs g peate WM™ ABIY e 5 VRRFY (o obs ahaie paw olgs g peite JSUS
» u)’t:.w )‘ ™ Jl)lf uo).c )l odlazw l) <\§u.ll>)a fo.)y Wm_2 A\RFA N 9 YYA O u)’t.w )l Jj JLK L)D)‘c

A 3ysl 5 WM™ 052 o FAR (4 5390500

646000 647000
=

3711000

37

s

3708000

3707600

3700000 \ 3705000 37ficooo 371| i
4
i

00

3707200

i
3705400

3702500 37

0 570 1140 1710 g va i

631000

|
632000

633000

636000

63

00

637500

63

39l 9 bl (JEUS b gs aw > axdllas 390 B3L YA Y JSUS

|
y’
3704200 = 3704600 = 370!



YA )l{g ¢y ‘D)Lo.w O 3)53 ‘u-?-g,g-‘? ‘_glﬁﬁ‘)” dhuw”s;-' Ve

03l (oldle y3 048 J 58 Jolge 9 (JUL (1258 Ol ((S05998 )90 S 9 ¥ Jg

Wafter Mpefore
D (wm?)  (wm?)  my oy 69 Wee G5 o8 G m ey m e
S oy

AV NeYY Wo YANBY WYY S VSA L YYEY O YWWYE YYA S\Y VY YAy )
MY Yoy FA-Y N0 WA FA VS YYAY WWYS VSR XY e RW Y

AY £150 YRID MYMA AL YRR \YE YAY  ASAY VAS Y- .esY YRy Y
ANp o faoF SVOA V-YRAE NAY VY AYE YA \SAM O YYS YAR .00 Ay F
AED YVAA YA VAAYY  VAYY O FRY Y)Y YABE  \SSY YAS avs  oeFY VY o
MY OFAY aryy BAMYY  Y-FN - VA WWYD S¥Y YYD VY eeYR WY 8
AYE YA V040 SEYYY  YSES . AYE MVSE BVSY AV VEE oYY YRy v
AY WY VA¥A BAFA- YDA - AWVE OYNF Y- YA WS YA sy A
AAYArY FIOY  WeeSS O Y-SY TS VEY O YVAY O YSA Y)Y oYF o.0F Ay 4
Ap YA FAAS O NYAYS Y-SR - SO YANY YY) YAD SAY .08 OYF -
A V0D WYY FSYAF YeAN - AFL AVYY YAFA YNS AYY oe¥T av) )
Vaa VAR f5ov AYeYe  YeR) - YD FADY  VAVA B AF  oeFd YVEY Y

AY 33 FeA) AYYEY Y20 - YAY QVSA YAEY YT ASE - .FY BT Y
o YA AT FVEY O OYOYE - YeS YAYD AANF EFY O AFA oY YEY OF
voy  fvsa VEYE NVEYY  YavE - \af YT TVAY YYD a-F ST DA
WA VASA aNFa YRR Fa) WYE OFAE EVER YYS WY o.VA YSE NS
SYO  YYEA FIa¥ WY Y0 - VEY FYE YRAE VYT S0 YR YAV Y
s.b YOSF FAYY  00Y- YYD - VY YEAS O YYSS AAF YYY -FY YWY A
SAD BAY Aoy YAROY  YAYY - VSE SYA L RVYS VYA Ay o)) OF. W
YE¥ OAF AVA VEVED  OYSEY - A0) 840 YRAY  Ye) Yad o) Y. Y-

bl adgs

Va5 \FYA VAYA DAY SYS  YAY AR F\YS YYS AT DAY % YA )
VAD YV ¥YYA AYAAY VY FY VY YSES WAS YA YAY  -cAY YA Y
V¥ Y WEY  0-AYY  YEA - AOF  FFAY  YAYS  YYe  SVY Y- FYY Y
va v avy VYA YEREY Vo . AYE FTAA YYSY O YXY YRS .TE FYY O F
Vo ¥ a0 \avs Yaofa vsyY ©AY YUY YAMA YT SYE oY FYY o
VAN AL AV YOWS YW - UANVA L OVER YAM  YAY VY oYY FY s

A YEYA Y¥Ya YWASY vy e Ve WEY O NEY uc - LYY Y
M) VAVA YEO YEAY YRS YDA VES YN YYD Y5 OYA oY YWY A
AbY  YAYA el DA A+ YAD  VAY  YVFE  VESE YA FVS .eva YAV A
vaf e VER) YOOAE  ACA 8- AN Y-FS VN0 DAY YA Ty YR .
wWs s V-SFY O AYamY AVE S A YYAY WYAR O YAY O YOA - ASY YY)

YA Vo8 VA F\S05 AVA S NSEYEAY YANY YR FBY .Y YYA Y
YED  SYY A0 YWEARE AV . WYY FYYA L YEYY \FA YRR -YE YYD Y

o> Ao

SA yov- YOV OYAAY WV © NS SeS OYED \OY AYY oA T )
SYY  YVed YEEY WNE  WEA YA WYY YONS YVEY  VAD OYA -0 MY Y
YEN YYAY Yora o VABY VAR OFY ¥ YYAY YFAD Y- FRA .FY PR Y
SYY WA VWEY O OTESSA YSA - ¥R YA¥Y M) VAA BV AY- Yay ¥
VEY VEas Y55 B-OOY YA YE VYA YTV YRS \SA R .evS SYe D

{confinement index)Ci : 5, cus> 2, <(width of the alluvial plain)Wp s <. (SI0PE)S 3t Jobo s(length)L x5, reach v Joi» closg
s ) am JUS 2,e (Channel width after the flood)W ger soMus j U JUIS 5, (Channel width before the flood)Wegore <s)lub (asls
percentage of reach length with artificial JAs ¢ 2,c c.s :(channel width after the flood,channel width before the flood)Wratio
Js «((cross-sectional stream power at the peak discharge)Q «<, . :(peak discharge)Qpy ¢ sludl slaykislo b o3l Jsb 1o s(StrUCTUrES
odddwle b 2l ol (UNit Stream power calculated based on channel width before the flood)opefore S (23 » by ohaie aw

odddmle by doly ol {(UNI Stream power calculated based on channel width after the flood)mager oMo 51 Jd JUS oye ol
mdogw) &y (Degree of sediment) Dg <o 5l an JUS (o ye wloly



AR (V) s ju8u Adgn 265 190 Andllre) wyind M Axdly 4y SliwdsS SAIEDg, dewly BAS J 58 Jolge o)y

0uiS J S Jolgs Jlodi g 4y 35
5 40 1 plonl opitanis gme Sy ) oslital b Jlezs) 8.5 S Jalge 5 JUS (35S B2y o by
5 awgio ¢l L ojl YA Lol baodls degasre -1 plool o)l wlide 13 (Loye Cad) JUI b yiS ol Jubos
el Jols puite ool b 48 Jai)y JS e b g ye SV g £F OAY Cuipay Job Sl
ol g gl b paw (s (JUS apd o m3gu G 3 gian (sbaylisle b ojl Job doyd gl
8 ol 05 05bS e Jlon L (ygew)S) Jho y 55 g e ey 5 LB JUS o jeslimul b ol s
g gl oly (JUE b Jold) cunl DM Sbyp 651 BaS ple slopiie Sl (S B S s baé e
e 2 285 ploxl Jidod g 4355 ol degesme ded (59 p (M 5l dm 5 US ol w0l Ol g (oo
039 Ll 1) opesioniz sl (2VU qulpd 5 8350 (P <eye o)) (o) gime aw gl opuiioniz g )S) Joe
(\N J5A>) (A.,‘B)f )‘)5 ‘/VV [\ '/;ﬂ 9 ‘/A [\ '/VY' 3.)9..\9&: » w).,du o..\wJ.:..\a.» R2 9 Rz)

Ayed &5 39 o)lul padls 5 O J1 U3 JUS (oye lulyy glp oly plys Jue Jae 00 cnl b
(V' gz 2V Jio) 658 0)ly (95 (sl it
Wi21ic=0.082+0.268*C;-0.005AS+0.01DS+0.0000386W etore (V)
ol 1y ol Woetore sl Mo 1 8 JUIT (o0 4 s 51 (g JUBT (28 s WatiO ] 5 oS
Dy (R2 =of e dod jd )b xe) (e Comd BALS e cpsite (ol edls e Ll adCgw,
ol s le (RP = < )\Y) adigw, doyd lp a5 sysbdy g olpen R® oS polis byl e Lalg,
G RE= e ¥ g RP =+ o AY i ity) oMo 5 a9 b JUIS o pe 5l oolizl b (im gy 93 5 olddwle
b Cams by oahaie paw lyi g JUI cod ol Cowsay (RP = ++¥) Lo giuas slaojlo b ojl Job opd b
(P> 00) 595y gixe (glol a5 5l g B39y Cund s

Wol> Acgoome JS' (510 248 J JUS Jolge 9 (02 6 Commd o 0 piioiar (oaw )5y G0 T Jg

Model 1 Model 2 Model 3 Model 4
R? <V R? ) R? <A R? VO
R® -FA4 R s R® . N\ala R - VY
p-value <o) p-value <oy p-value <oy p-value <epeed
R® p-value R® p-value R? p-value R? p-value
Ci . EY <epee Y <epeey < EeY <oy N <oy
AS oY ERYN oY ¥ oY o) ¥ oo
DS Y oY Y oA Y oo YA Y eV
S o+ YA <AYA - - - - -
Q - - ooy ai - - - -
Mpefore - - - - 1+ AY IEE - -
Ogfter - - - - - - jree¥ DA




(Souas soilo bojl Jsb duoyd ( 3wy d> )0 (g)lul (asli paie g b (oxsly bl (b ye cud
) 503 pide 93 b balgy I (L M Sl 9 JB JUT (20 (el eddamlne b s5ly ol g
(P >0 0) Wdgs 4y dme (gylel (L5 5l g Cuns (by> (Ao aw g5 9 JUIS
delss 5 Lore Cund o Ll el cl o igycnlil s olpen (Y Jsi2) ol asly ol polie
s blyy & a5 wpsienis o )S) oo ln a5 pudd g b uiS o S8 pl i as oS S

BEVIPEOW W

(23 olow 53 0235 ySo3ll) (Bly slaosls b T (293 5 43 121 (o5 cutin) sl slaojly > (el Juo
P9 Ol¥ (ke ylo 9 (MSE) et pg> ol (5:Ske (MRE) (oo (llad (5:50Le iz (sl s, jl o2lil L
ot (Sle palio ¢ el Jao (sl (¥ Joa2) 18 ooy (ol Joo Cono Jlade (s (612 (RMSE) Las
oS ol Camddy ) g o) o)Vl a8 i S pgd ol (Sile Jla g s pgd ol Sile (o
JU" S5058 590 ot Jlie imister sl Ol O S 5 B0 s S Ll ) e amo e LS
2855 oy adlllas 3)90 dilale ailiie Luylyd b ible )

adlio 43 Slal Jao (Heuwlisl mls F Jous

RMSE MSE SE MRE RE Es ob 23U 8 ylowd
oo o)) A \EA ha \
YR £Y YA yAd \
et Yy Y¥0 Y- Y

- oy oYY - v V0 \¥0 ¥
oo =YA bA ha V0 )
RN £y \SY V08 e
RN Yy XY Y Y
oY ) YA yFY A

5 345 4ot 9 Sy
adly 4 JUB gl gy lp e Sdopie (bpsie &5 ) )15 cpl 1 ol 4058 Daslcunsy wli
5 sy d2) (JUS b cole sl dlex 51 )S0d belse oS 58 b s IS b O
dayd 53 oddodalie g5l iyl ly dSucalsy e 4 (soiae b)ldls L ojl Job by doy
OhyeS Sad paside VL (Sl giluk (adls b oS ccudeS Glaojly ) il ad e JUIST 5 ynS
w3y slaalp o8 20l 15 e Sialis oS jsbolen g cul 03l &5 (Sl pinloyd @b Base JUIS
b5 opl ol 0dgr 535 15T JUIT 5y 53 (m30gwy doyd Jocad slaojl p3 ¢ blis j3 g dog BB jzeS
5255553 .l oas IS (gloyd ()b g OMaw )8 fele g bawgs ol > S a8 &S aed e lis
Lol sl 05 3)lg Lo s 53 ()b JB5 9 Jox &1 bgipe i) o Bl J1 5L Jow loj St ol

liwlio a3 51380 1) baojl cpl 55 omw)S) s Jde shiogys Blgi oo b5 Hlws Jloisldy a5 cusl (g puito



VY (V) s ju8u Adgn 265 190 Andllre) wyind M Axdly 4y SliwdsS SAIEDg, dewly BAS J 58 Jolge o)y

slaojl den (gly b 55101 1595 mimed alllas dyg0 (slaailEdgy 13 yiwn Jb & § oo (gl ailiwl cleMb
Sl Jols (ot ot ite gz by (s b Lalg) JBIST (35 B3 3955 o yiasd 13 03 uloiges 5
b Mo jlam 5 8 gl oly olg g canlland)ge (slaojl b Slusl (2)lse Jsbo a0 ) (2009w d2)d (Sl
b slas
JUE oye plulp gl soly plys a5 ol Gl poslniS” Bl83g) Adg> jl adgn j dw )3 Jilod g 438
Fom JWE oy pololp ol oy ol b aslie p» JU (508 b g8 ilg) b @ 51 L3
Do 5 () (VVF) ohlSen 5 bygw el (gl nl @bt cwl (b (shie gaw Gy 9 o
o g dmosls dacdloy; 4 onrs @ylas pM) WAF oloy bl M 43S o 2ol 1y (V+1Y) g)l590 9 (V1Y)
Cuol JUB olgy 84S uSixie odas psbas s Sl g)banrl ol i g olen 5 Sl il L g o5
ol (ly JU Gl a3 5 g9 (ilusitione oplpli (JUI 08 5 gt (SEBLT (ol b ¢ Jlte Glgica)
9 g (S sl o slenn 23L JUST obsy (dmriier 4 B &S (lpl dawgs )3 g Gl BaiS S Jelgs
2 Job 3 T5ledrseg) Bhes Sl dmiin 2UIF 53 (eges S wa jein &S 03,8 LI (VNF) oS
Slgi o adllan pl @i 505 5 (g5 ) ladde abaly (ol )3 )03 3929 Hlais 90 839450 )3 L C s Sl

25 )8 ol 3)90 ylad ALE dpd B yb jl UK b S olie (i sl



é.gU.o
2 dilate wlid o) gladiilo i 4 09 oS b el s ol Ades Slisw) 5 Giabeyd byl (WWAY) Ly ¢ soies)

U il glaihaie U S,

Baker, V.R.; Kochel, R.C. and Patton, P.C. (1998). Flood Geomorghology, Jhon willey and sons, 528 P.

Brierley, G.J. and Fryirs, K.A. (2005). Geomorphology and River Management: Applications of the River
Style Framework, Blackwell, Oxford, p. 398.

Buraas, E.M.; Renshaw, C.E.; Magilligan, F.J. and Dade, W.B. (2014). Impact of reach geometry on
stream channel sensitivity to extreme floods, Earth Surf. Process. Landf., 39: 1778-1789.

Cenderelli, D.A. and Wohl, E.E. (2003). Flow hydraulics and geomorphic effects of glacial-lake outburst
floods in the Mount Everest region, Nepal, Earth Surf. Process. Landf., 28: 385-407.

Costa, J.E. and O'Connor, J.E. (1995). Geomorphically effective floods. In: Costa, J.E., Miller, A.J.,
Potter, K..W. Wilcock, P. (Eds.), Natural and Anthropogenic Influences in Fluvial Geomorphology
Monograph 89, American Geophysical Union, Washington, D.C., pp. 45-56.

Dean, D.J. and Schmidt, J.C. (2013). The geomorphic effectiveness of a largeood on the Rio Grande in
the Big Bend region: insights on geomorphic controls and post-flood geomorphic response,
Geomorphology, 201: 183-198.

Heritage, G.L.; Large, A.R.G.; Moon, B. P. and Jewitt, G. (2004). Channel hydraulics and geomorphic
effects of an extreme flood event on the Sabie River, South Africa, Catena, 58, 151-181.

Hooke, J.M. and Mant, J.M. (2000). Geomorphological impacts of a flood event on ephemeral channels in
SE Spain, Geomorphology, 34(3-4): 163-180.

Jansen, J.D. (2006). Flood magnitude—frequency and lithologic control on bedrock river incision in post-
orogenic terrain, Geomorphology, 82: 39-57.

Johnson, R.M. and Warburton, J. (2002). Flooding and geomorphic impacts in a mountain torrent: Raise
Beck, central Lake District, England. Earth Surf. Process. Landf., 27: 945-969.

Kale, V.S. (2007). Geomorphic effectiveness of extraordinary floods on three large rivers of the Indian
Peninsula, Geomorphology, 85: 306-316.

Kale, V.S. and Hire, P.S. (2004). Effectiveness of monsoon floods on the Tapi River, India: role of
channel geometry and hydrologic regime, Geomorphology, 57: 275-291.

Krapesch, G.; Hauer, C. and Habersack, H. (2011). Scale orientated analysis of river width changes due to
extreme flood hazard, Nat. Hazards Earth Syst. Sci., 11: 2137-2147.

Kumar, S.; Ranta, M.J.; Praveen, T.V. and Kumar, V. (2010). Analysis of the Runoff for Watershed
Using SCS-CN Method and Geographic Information Systems, International Journal of
Engineering Science and Technology, 2: 3947-3654.

Langhammer, L. (2010). Analysis of the relationship between the stream regulations and the
geomorphologic effects of floods, Nat. Hazards, 54: 121-139.

Lenzi, M.A.; Mao, L. and Comiti, F. (2006). Effective discharge for sediment transport in a mountain
river: computational approaches and geomorphic effectiveness, J. Hydrol., 326: 257-276.


http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Victor+R.+Baker
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=R.+Craig+Kochel
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Peter+C.+Patton

VO (V) s ju8u Adgn 265 190 Andllre) wyind M Axdly 4y SliwdsS SAIEDg, dewly BAS J 58 Jolge o)y

Magilligan, F.J.; Buraas, E.M. and Renshaw, C.E. (2015). The efcacy of stream power andow duration on
geomorphic responses to catastrophic flooding, Geomorphology, 228: 175-188.

Mahdavi, M. (2012). Applied Hydrology, Vol. 2, University of Tehran Press, 437 pages.

Mishra, S.K.; Tyagi, J.V.; Singh, V.P. and Singh, R. (2006). SCS-CN-based Modeling of Sediment Yield,
Journal of Hydrology, 324: 301-322.

Moghimi, A. (2009). River Eco-Geomorphology and Rights, University of Tehran Press, 296 pages.

Moraru, A. (2017). Streambank erosion and channel widening: implications for flood hazard. Master
thesis, MSc in Mineral Resources and Geological Hazards, University of Barcelona.

Nardi, L. and Rinaldi, M. (2015). Spatio-temporal patterns of channel changes in response to a major
flood event: the case of the Magra River (central-northern Italy), Earth Surf. Process. Landf., 40:
326-339.

Phillips, J.D. (2002). Geomorphic impacts of flash flooding in a forested headwater basin, J. Hydrol., 269:
236-250.

Righini, M.; Surian, N.; Wohl, E.; Marchi, L.; Comiti, F.; Amponsah, W. and Borga, M. (2017).
Geomorphic response to an extreme flood in two Mediterranean rivers (northeastern Sardinia,
Italy): analysis of controlling factors, Accepted to J. Geomorphology.

Rinaldi, M.; Surian, N.; Comiti, F. and Bussettini, M. (2013). A method for the assessment and analysis
of the hydromorphological condition of Italian streams: the Morphological Quality Index (MQI),
Geomorphology, 180-181: 96-108.

Rinaldi, M.; Amponsah, W.; Benvenuti, M.; Borga, M.; Comiti, F.; Lucia, A.; Marchi, L.; Nardi, L.;
Righini, M. and Surian, N. (2016). An Integrated Approach for Investigating Geomorphic
Response to Extreme Events: Methodological Framework and Application to the October 2011
Flood in the Magra River Catchment. Italy, Earth Surface Processes and Landforms
http:;,dx.doi.org,10.1002,esp.3902 (in press).

Rostami, S. (2008). Estimation of erosion and sedimentation of Ilam Dam basin with special attention to
the role of geological formations of the region in sediment production. Master's thesis, Science and
Research Unit of Tehran, 134 pages.

Surian, N.; Mao, L.; Giacomin, M. and Ziliani, L. (2009). Morphological effects of different channel
forming discharges in a gravel-bed river, Earth Surf. Process. Landf., 34: 1093-1107.

Thompson, C. and Croke, J. (2013). Geomorphic effects, flood power, and channel competence of a
catastrophic flood in confined and unconfined reaches of the upper Lockyer valley, southeast
Queensland, Australia, Geomorphology, 197: 156-169.

Tongbi, T.u.; Kara, J.; Ercan, A.; Trinh, T.; Kavvas, M. and Nosacka, J. (2017). Assessment of the effects
of multiple extreme floods on flow and transport processes under competing flood protection and
environmental management strategies, Science of the Total Environment, 607-608: 613-622.

Wolman, M.G. and Miller, J.P. (1960). Magnitude and frequency of forces in geomorphic processes, J.
Geol., 68: 54-74.



