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Rivers are natural systems that human pressures have caused severe changes in their
morphology during the past decades.The factors influencing river morphological
changes and their responses vary across different regions. Therefore, in the present
study, morphological changes in a section of the Haraz River in of Amol city were
investigated over a 53-year period (1968 - 2021). The changes in river width, planform,
and fluvial landforms were examined using aerial photographs and satellite images.
Subsequently, by calculating the specific stream power and conducting field
observations, the hazards associated with the river channel were identified. In 1968, the
average river width was measured at 141 meters, but by the years 2006 and 2021, it has
decreased to 55 meters. The area of fluvial landforms, including the active riverbed and
longitudinal bars, decreased by 50% and 95%, respectively, during this period. The
river channel transitioned from a braided pattern to a single-channel pattern due to
channel narrowing and significant reduction in longitudinal bars. These changes led to
an increase in stream power and erosional processes, resulting in river incision and bank
erosion. Key factors contributing to the morphological alterations in the study area
included the reduction in base flow, irrigation channel diversion, and land use changes
along the river floodplain. According to the process of changes, the construction of the
new dam (Haraz), the continuation of the occupation of the floodplain and canalization
can intensify the river channel hazards.
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Extended Abstract
Introduction

Rivers are complex systems with interconnected components, and any change in these elements can impact
the river’s behavior as it strives to reach equilibrium. Whether due to natural processes (such as floods) or
human interventions, alterations in any of these factors can lead to responses in the river. identifying and
analyzing the trends in geomorphic changes of a river can be useful and applicable in future urban planning,
river management strategies, engineering structures, and river restoration efforts.

The present study aims to evaluate the geomorphic changes in the Haraz River within Amol city over a 53-
year time span. To achieve this goal, the following questions have been posed: What parameters of the river
channel have been affected by the morphological changes of Haraz River? What was the amount of these
changes? What river hazards have these changes led to or will lead to?

The Haraz River basin, covering an area of 4,972 km?, is one of the largest watershed in the Caspian Sea
Basin. Originating from the Central Alborz Mountains, the Haraz River forms a relatively wide alluvial fan
upon exiting the mountains, where the city of Amol is situated. The study area in this research encompasses
a 6.5-km stretch of the Haraz River, which flows across the alluvial fan and passes through the city of Amol.

Methodology

The study reach was divided into three sub-reaches, and the changes in the river were evaluated over a 53-
year period (1968-2021). For the years 1968, 2006, and 2021, the assessment was conducted using the
interpretation of aerial photographs and satellite images. To investigate morphological changes, the width of
the riverbed and the river planform were measured. Width measurements were taken at several cross section
along the riverbed, with approximately equal intervals within each reach. The resulting values were analyzed
using statistical tests and the SPSS software. In each river reach, existing river landforms were delineated,
including the active riverbed, longitudinal bars, lateral bars (bank-attached bar), and floodplain. Changes in
the dimensions of landforms were analyzed for river planform analysis in different years. Finally, considering
the observed changes, the specific stream power and the current conditions of the river, the river channel
hazards were identified and analyzed.

Results and Discussion

The average width of the river in the reaches of 1-3 of Haraz river was measured as 124, 141 and 152 meters
in 1968, respectively, which decreased to 52, 57 and 55 meters in 2006 and 54, 51 and 57 meters respectively
in 2021. To analyze the changes in mean river width over the three years, one-way analysis of variance
(ANOVA) test was employed. The resulting significance value (Sig) of 0 indicates a statistically significant
difference in river width. For pairwise comparisons between years, the Least Significant Difference (LSD)
test was used. It revealed that the river width in 1968 significantly differed from both 2006 and 2021.
However, no significant difference in channel width occurred between 2006 and 2021. Overall, the mean river
width during the study period (from 1968 to 2021) decreased by 55%, 62%, and 64% in reaches of 1, 2, and
3, respectively.

One of the most significant impacts resulting from human pressures is the alteration of river widths, leading
to channel narrowing or widening. In the Haraz River, factors such as the reduction of the base discharge, the
occupation of the floodplain and the creation of urban and agricultural land use, as well as the channel
engineering and protection walls, have contributed to the narrowing of the channel.

Changes in the area of riverbed landforms, including the active river channel, longitudinal bars, and lateral
bars, were calculated over different years. During the study period from 1968 to 2021, the active river channel
area decreased by 47%, 49%, and 62% in reaches 1 to 3, respectively. The area of longitudinal bars, which
contribute to the formation of multiple channels in the riverbed and play a crucial role in identifying and
distinguishing braided rivers, decreased by 90% to 100% in the reaches of 1 to 3. The lateral bars area
decreased by 30% and 95% in reaches of 1 and 2, respectively. However, in reach 3, its area increased more
than fivefold. The primary reason for this increase was the transformation of longitudinal bars into lateral bars
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due to a reduction in river width. The ratio of longitudinal bars area to the total riverbed area was considered
as an braided index. Based on this, the values of this ratio in the years 1968 were 30.6%, 32.9%, and 47.6%
in reaches of 1 to 3, respectively. These values decreased to less than 7% in all reaches in subsequent years.
The reduction in river width and channel narrowing have been recognized as the primary factors leading to
the removal of river braided planform. The reduction of braided rivers and their transformation into single-
channel rivers has also been reported due to human pressures in other regions worldwide (for example: Stecca
et al. 2019, Fuller et al. 2020).

The specific stream power was lower than the critical threshold of 300 W/m? (Magilligan 1992) for all three
reaches in 1968 in floods with a return period of 100 years. However, with the decrease in average river width
in subsequent years (2006 and 2021), the specific stream power increased by a factor of 3. This condition
indicates an increase in river power for implementing geomorphic changes within the reaches.

Conclusions

Reduction in channel width has led to the narrowing of the riverbed and a shift in the river’s pattern from a
braided planform to a single-channel. Consequently, with increased river power, the erosive capacity of the
river has also risen, affecting the riverbed and its banks. Field investigations reveal that incision of the riverbed
is one of the most significant effects of these changes, observed as undercutting at the base of bridges,
protective walls, and lateral terraces. Additionally, lateral erosion, due to the concentration of flow in concave
bends of the river, is another hazard in this range of the river channel.

References

Fuller, I. C., Death, R. G., Garcia, J. H., Trenc, N., Pratt, R., Pitiot, C., & Death, A. (2021). An index to assess the extent
and success of river and floodplain restoration: Recognising dynamic response trajectories and applying a process [based
approach to managing river recovery. River Research and Applications, 37(2), 163-175.

Magilligan, F. J. (1992). Thresholds and the spatial variability of flood power during extreme floods. Geomorphology,
5(3-5), 373-390.

Stecca, G., Zolezzi, G., Hicks, D. M., & Surian, N. (2019). Reduced braiding of rivers in human-modified landscapes:
Converging trajectories and diversity of causes. Earth-science reviews, 188, 291-311.

42



WFe¥ 5650 Feoslods 1Y 0 )50 S39995909959 00
B9 Vo

Sl sl Lid 51 50 5lpa ailsogy (059099 90 Ol s 2L !

T i 00l 5595 Livgws ¢ duslow! Lo

ol oolaiw! B 3lols guis o CC BY NC pocus¥ U g 5b (o yiowd & ygo as dllilo (y

S3el9 90 Slmss (b3l T Lags o s o0l (6,95 1o« helonsl :allio cpf 4y gl

(5 V) (555058 50559 0 . ol pad3le el o 0399500 50 (Sl (slajLad 1 jo lm ails-as,
41-57

03uS>

30 G Ol Coge 4B slaans b gludl slalid oS s b slapingn bailsog,
Sglie alisee gblie )0 Ll GhasTy g aog, (So3slsdyge Slyeid 32 5o Jalse ool oud T (555058 50
S sk Jol e 00gamme o e ailhog, 5l (chdn (Su5alsd e D ol Geko )3 g yenl3l el
lop il 5 b Dl ilisg, by Sl 28T 5 axlllae 0j00 (VVEV- VFo o) alls B 6,00
U)J.S ML?DQ L) (i .L.J.B)f )‘)9 R D90 leo)lsbln )JBLAJ 9 @‘9& (5&0&&9 oolazwl L) 6‘:\4[}&5)
slaosl ;339 (252 eSlee job 423l 285 e B0 4 VT e 5 ITAD slalu )3 g 039 e VFY
Jolis laslzog, slap tui) Sl .l a8l ol ao o £l 4 ATVTY Jlo @ cand el
Gl g 09) (SIS Ll fall we)s A0 5 00 i 4 0)90 (al 5o (Jsb &l 599, Jlb e
D8 oDt (pl alanlgay (8L Sess JUBT ST @ SL s Sl aileg) 0,000 (o ailge siat
39, 0)lpd (ale B g wlBog) (plug b cge (oiule B slaanlf g atdl Gl ply a5l i 09, 032
Gl et (D S B pai 6kl Sl U 5 )Y aw wlasl cle 4 09; 4l by Srals aad
0d9ume ;3 39) (Sujglsdyge Dlpeds 0 JLad Jelse (n Seae 5l 99, JUB (swsine 5 09, anil> (L)
o S0 Ol pad polas «(5ly) das d Wlas | oals sbm! Gl oss Wy a5 b los gy axllacsjee

ol w1, o9, JBIS &l ble wlgf o (g 3Lw JUIS 5

Ol il ol yai 5k oKl
niushanesheli@gmail.com : asbLl, <yl ol puils <yl 05500 oEils

A

DOI:10.22034/hyd.2024.61151.1733 il

Lo jlgunls
59098 590 Ol ks

alog) 09 p i Ailsog,
alot! o <ol o510

VP VYD el o g ,b
VPeXToBIVY 1y dy &b
L2 FRRI R W PP

s lowsl Loy 1 Jghumn odous g
r.esmaili@umz.ac.ir : aolb|,

Lilyir 05,5 «s3slsypesss sletdls =)
csbme Sl bl wil lis IS -Y


http://childmentalhealth.ir/page/133/Open-Access-Policy
http://dx.doi.org/10.29252/jcmh.7.4.19

\F'T’}:ﬂ:__ﬁ;' oyled VY aJ_5>¢L55}.‘_}5)}ajj})J.:A

i 00l (5595 Lhgw ¢ (Juslowl Lo, eyl 30 350 &30y (S 59lgd ye0 Ol ki (2b 35!

doddo

e Gl g, (Do Cbs g ladilsog,; > 4 jelan oS Sl odd crge Olpl 5o (il BT g Cumex 0l
O yge0 A Gowe G adl> bl o guuid gl ob ) Col sdalive LB (g 4b bl ;o Jlgly8 4 oo ool as asl anils
odgazme ;0 Dlpsd (pl Cewl olyan (6508 Sl sl o515 L s 8L JBI 5o 5 el (S9Sns 4y (55,5l 5l (618 S
b o 3 St e Ol SR 53 2y slerdlom £33 13 oyad 1, S olns 5 AISs L o Lol
Sl (Jlaial glasaly 5 ©lss Oliee 9 £98 Sl ¥ 9, (nl 509800 Dgmine Glusl slocdBs cnl 5l slages 12 sledle
3 slilBeg, Slible S5 5l mome Copae b olsn B oS S8 ale o)l o590 il il 5 s ed bl ,o sl
255 6K S bl

STy celymt 1SS po 30 i g 00 bLS ) 5o o0 b Lyl calie (slya! a5 ot ooy (2aSTy - 0l s SO oo,
o3Il eag, JUI Gos 5 (258 iy ol ol o3l (ol )0 09, JUI sl oten w0l ol o a4 Jolod 4y o 610 ) 0,
Sl slidles & jgoa az 5 (Ldhw) (grmb Ojgon ax ol (ul 51y 5o )0 s I sz 55, (3 5 (o9, SyS
> o020 oo )8 ,Sbces | bailsog ) pulives i€ 5 peiins O yg0 90 4 Sl lacdles ail of e 1iSTy L wilgs oo
5 Seedee Slaml) s cge 0pf 9 (Sl R g me) e Abe 50 Ol (Gt (B yeS e d
D50 4 e S0 (Voo #) nz) 09d g0 i l20 (o) e 50 ladilsog Slailetizr (T JLds a4 5 0ol 3 libioge,
1, oy, 655098,90 wilgi co a5 Conl ladils0g, 10 g aule g b Culilo (g 5lwans (Lo JUIS ¢ cbla> slaolgss o |y Slas
B X s D900

3)lye Jols a8 0 ls (S 05, JUI 5 52 0l adgo slaihane (olidio o (flisee Jolse & 05 slaaileng, slajiaSTy 5 Sl s
teSsl e Slsd (S eyl 5 0ed e 39ds 0 LI st o2l 6l g 5 Dad g gl o0 )
w5y LS (LS Ghdsy Sl 5 Condy il JESl 5 s gl 50 Sl (s3elilendS s 00 (it e« S 5508
5 ez VY Oes 5T E)sS Yo F ez Ve Tog g sliin) pludl s g5 5 (e 9 ailbog, ol 5 595800
"0l YN0 5 0lsS - (sl VY e 5 e TN 5eul 5 Jola YV L 00, AT ,680 8
(Y-YY )5 o1 jgatl 5 Yo T o o lSam o ol Yo VA i 5 6)550,5 o¥ VA ol l5e

b ailog, Ssjsls 50 ol i Slinios cpl 5 g5 50 ons] o plol loailiog, s (i o Sl i1 350 )0 (g0l 5 Soliios
AYAF e 5 Slay) cunl 43,3 (13 o) 0,90 dlluos iz Dok [y slolsale pglal 5 olgr o wSe s 1 ool
SlSad 5 gy VYA e o e o ATAD L Ses 5 Slsd ATAD Kan 5 gond, AT oKen 5 Jlox
ol Sligios ol mls (VYRI5 gVl oYY Ken §)padl Yo TP 365 5 s VEoY o San 5 oylio Y)Y
09, JUB (Fad oo Juld Wil (n fmae g 03 Dgliie (e Lulpd g Jalge a4 az g5 b laailssg, (ST o5 ams oo
byl 1alS (JU (59,0 Elge) yoms (BlF9295 50 Slpass 9 @80 Sl ( JB oSt 005, 0)US al B (olg 2
YR X NY 5es g ez )aisd o JUIS o oo i o Gos o5 g Soud S5 b JUlS

el 0 bl LT Sl blie b3l s Lo JUIS (samails B 5 laailiog, 5 (6 ,b damss o i o b3l (S0 clidos 4o
Saidsipn ka5 L iy, i o (VY (e 5 el OTRF i) 5 ielond 0 V¥ i 5 (695,9)
5 Olre H9,988) Conl a8 S 18 oolitul 090 85, (Seieleie s 2Ll lp Sldlas 5l s S, (MQI sy,

I Chin 6 Hawley and Bledsoe I-1Ashmore

2 Henshaw and Booth F Taniguchi-Quan and Biggs 12Salawu and Leke

3 Gurnell & Bevan 1 -Morphological quality ind8x
4 Gregory 9 Ashmore (MQI)

5 Jordan -0Nath and Ghosh

£t



WFe¥ 560 Feoslods 1Y 050 S3999)909539 00

o g i sl G55 15 (60 odgame 0 45 olbojl cals ol Lubl 5 (VF) LiSen 5 b VP ) o] San
SIS ol g0 kS 5] e

oy, st o 55 5 el Ll i o ol 4ol 1 pmts i it Sl s 51 i e L5 i ol
Sy2ebip o Wlgioe 09; Sudjg095) Dl pi Wiy Jelod g (olulid cgycnlil aiins duste laailog) (S0 39l99)90 sla STy o
b Ll b 5 aske 05, bl 5 (g5l omiige slaojlo Slast gy (2 oo glassilimal 5 (5 5ped oaiy]

Bblie (5,1 5 Comez YL o515 00 Gly o0l (salls laaillsg) «are 5 (sorlBl Lyl alaslgay (0550 olewl 5o
Olyesd 2l Boaly fol oo I o ls aalol lares Wiy (nl 5 oud adlate (pl laaillog) )0 gote Ol petd 2ge (oS
Gan ol glil, o il oad sl (VWEY VF- o) alls BY e o3l <o yo el g sogaime 5 3o ailog, <Sub)ga
i o] ol S 0l 5 8o 1 35, JUIS 1l s 4 5,0 53, (oS5l e ol o e o5 SVl
Al il g oads gldilsog, Ol bl a> 4y v Ol oss ol Tl o0 jlode ax

axlllae 5 g0 ddibiico

Sl Sl 1ol co Cgame 535 Sl Caiz S sbhase I (S mpe yeshS YAVY Colis bl ailsog, ase>
e adg 5l e Lisu le )8 Cl - 88 g5 50 ol SISl oS g 55l g5 50 adg> (SlwnsS Coond (pwlid e
Wigled alb 5 7e D)+ £lis| 51 aS el 2o DFYY o adgm yo gl )| GO ol 48,5 18 Lo ol s coslioms o030500 4o
OldsS 5l ey Joee 50 5 48,5 andzr w6550 5l SlewsS 5l e oy, ol st )55 Slys Sl 0 STV el b
35,5y s 5 35, o (ool L Byl e 4By sl T 51 iy o Lol 5o 45 o095 oyl | oasewy o 4253 Log 5
s5b @ pilole S g (B8 Sk g (e 5 (e 2l @lie 005 LI b 5lhe Sl b e 055 0e 05 555 sl
e alsg, 5l pasu pol> Bdod )0 anlllas 9590 00guze 3)ls 18 SLuil slaclad 5 liwg; 5 et bl JLSl o JolS
by e 595 5yt g (V IS0 (o s508 Jol e (35, 515 005 )l 4Bl bog 5xe (55, 2 a5 Sl SagkS 210 Jsbo
53 addllas 8550 B0y, 05k atin (BRI Ml 39, lao LS g jiaw g 0dd 89, andle po (Bpl Slewl 5 olm] crge 3
98 690 b ¥l b oSl el clilon oSl LT Lulol 5 00,5 Lo w5l o y%e VYR L FO elis | o3gamme
0,5 oSl 1o 5,0 ilag, 20 CreSilie ool 0 b yl35 o Kl 1VIB A¥lo los uSilio 5 0391 yrarkeo VY Joles VFA-
L oot 5 60 sleabe .l oo iuli8l ail jo CaSh i O U ols )3 g cigns )l sleale 1o a5 00 4l jo Sy Ve Sow

s oo Hlid 1) 09, (pl dllale 0o polie (pyieS 4l o caSo e VF o0

L gy 9 osld
a5, Ol s (8,5 18 aalllas 0550 Jol (5,00 0090 ;0 eghS £/ Job 4 jlm ailsog, 5l iy Olpnds Gudss cpl jo
Slolgnle polai g olgp slo wSe pouds jloslatwl L YT+ g VWA YTV lodle 6l g VF- - VYFY) allis OY 6,90 SO b
Slr g WD (58,555 5 s H9iS )l pati lejle I VEO e lde LYYV Jlo plse louSe 28,5 )18 b))l 3550
4> 5L anlllans j g0 00g0ome 5 WAl o 3 55 de la Sl b ailBog, yiws ol coliwl &)l J565 polas 51VE- e g VWAL Ll
35 5 TTBe Jsb &) o3l (Y JSE)NE e o3 A 0 VPFY Lo lyo (slone cslioe 1 (605 aklate 4 sl &
T ojl 5 s b s S e39amme 50 SelS 5 Slen o3 53 51 YYV+ ol @0 ¥ 03l 508 llaie @ 999 51 5 g ooVl Caod

i8S 18 dilaie Cows (b 50 e VAAL Jsb @

£0



\F'T'j':ﬂ:__f' oyled MY aJJ.)géj)}}éJ}ajj})J.:A

i 00l (5595 Lhgw ¢ (Juslowl Lo, eyl 30 350 &30y (S 59lgd ye0 Ol ki (2b 35!

axd o e),o 0090 M,.o (\) JS.JJ
Figure (1): Location of the study area

axdllae 90 0090 jo GlAilE g, gve il Camdgo (V) JSCU
Figure (2): The location of river reaches in the study area

S Cemd paiz o 20 s pSejlal a5 18 (oS eslail 0590 99, (Db g 09, yew (20 (S5ele8 50 DlpdS s sl

508 Jolo g 0325 SPSS Jl38le 55 55 5 5l (slaggaT b alols polie s ploxil 03k 50 0 il La i Jolgd b g 39, s
e SB 9 (39, 0,5 4y fate) (ol &lse (Jsb @ilse w05 Jlad iy Jold d92r g0 slailaog; slap 80 55, 05 o 0
G Jdos 050 iz sla Jlo o 04, P oo &l b said ool ol sy . (VYAY Gl,c.cL«»l PRI RIS KR R APy

46



WFe¥ 560 Feoslods 1Y 050 S3999)909539 00

i )
w

QA MIS?) ey Ja5 Ol : g (Ve o Kg/M®) O JB> 0 p odWIM?) moy0 0 5 Dy o ol by 0559 &y08 : @ a5
u—‘ ul.,)} e W Dgud o0 d..d)f}b.: o m/m o> P e o J\)Lam as 6))-" ubo‘; : S ‘(m3/s) UL’)> =L R Q
Wl el g alalid 99, JUI @bl w9, (ad Ll g oolog ) Sl aaz o5l Caled 5o

Sy g Lasdly

39y Py Ol ks

YYAD Jlw jo aS ol (6,5 03lail )V AY g VFY AYY oo g s VYTV Jlo o 5l ailsog, ¥ oY o) sleojl j0 09, 2,6 (Sl
S @lise soosl j0 05, e el sy Sl sl odgr e VYV g VVD (YA S5 4V Fe e g YYAD AYTY Ll
Sogo a HL g Ho s ,8 a8 ool oo solatul /40 (5 bobas zxlaws ;o (ANOVA) 48 b G wils,lg 5JUT (5 Ll (903 51 Jlos
awl 00l C)‘la“’ 2

Sl gl Jlo G o calize slaojl o wilog, oy Sk 1 Ho

Lol Sglate Jlo G o calize laojl jo wilzog, Bie Sl Hi

Iy yoo ans,8 ol a5 ael Csay +/VF 5 IF0 10D 35 4 VFe e S VYAD AYFY o Lo jo calizee sloosl s, SiQ lude
OV Jgoz) conl ailas g lolne Oglas asrive Jlo SO 5o alides sloojl 10 95, s (0,6 S s oo L

s Ho ano ) 5 (V Jgoz) 05 ool ANOV (5051 51 gusy 990 Sl dms (b 355 (658 aSilon DS (o) 2 Sl ieo
W0l le ) Oyeed Hi

Sl @il ol alizee sla Jlo o dilzos, oy (il : Ho

S8l 5031 5 e Sl jo @gles auslie (gl p ol oo sl (g lobae &gl 09, (2,6 (puSile 40 45 w80 o L Sig=0 ,lae
Al VP g VWAL ldl b (g lole glas VYTV Jlu jo aildog, (6,0 aoo oo lis a5 ol oolawl (LSD) lolixe &glis
3,90 0,98 b 39, 2,6 Nl Egezme o .l oolai F, 89, JUI 5,0y (s ol coglay Ve 5 VYAD sledle jo Lol col
ol a8l el YUY glaosl 0 a0 FF o Y OO iy 4 Ve BAYEY Ll )

Sl 5 (SeSme Bblio 4 had (55,055 Slete) 5l 09, andl a5 €85 50 YV oojl jo (L3N] (68 Dl G i
YL w515 Lo sldlo jo 090 a8 5 18 SeSie (5,0, oogama ;0 VYFY Jlo jo o 5 ool iu aS Y o5l ,0 0l (g0
Cass 4 5ab g andly S5 (65,5l 5 s Baee ) ol B0 alS a5 15 sl cov g slalas 5 sl
395 sk S &y ol 4z ST sl 035y w0y iy (558 (RO wpe Jolse 51 65,5lsS Sledes @ T i 5 995 (Do
Y JS5) 0400 dalol liean 09, s ool malS 5 (6 i slaallss adzs L

Dgd oo 39, JUIS Saliyes b SoiS0 cage a5 Sl brailbog, 0,0 Ol sy Sladl glalid 51 sl Ol 31 o S 31 o
599, JUB (swiipe (izred 5 55)5LaS 5 608 Sl )8 slml 5 (@Ml Sy Bpal g, 4l 0> el e aildsg, o
WY Jlo g oo Slaxl 5lm 89, pl adgm 5l cidn 10 )Y dw ol 0ads 89, JUIS Sab S5 coge sbla> slas g ol
009y 4l j0 CanSayie YY ((VYYA TPV as Slasl 51 L8 o)y90 (b sl 05, aVle o0 xSk (23,5 1,3 (6,00 00 0 0,90
Ol 30 6o, VO als wlul b a4l o CaSe e YA 0 S0ke 4 (VYANNYEY) o Slas] 5o 090 j0 a5 cul
el 0oldl 5lasl og, 4l

47



oslad VY 0595 ¢S54 8550 555954

V¥ Sl

i 0915 (59 g 9 (unslowwl LS,

eyl 30 350 &30y (S 59lgd ye0 Ol ki (2b 35!

T c5aSilio dumglio 5 adllaod 190 sloo3l 10 WS-8 (5 (5 5bo louslona aodls 1) Jgur

Table (1): Summary of statistical calculations of river width in the studied reaches and their

average com parison
G Sig* NP Sl | Slee | Blos | oslaws | o5l Ju
e Wged
3,05 ol @glis |+ /00 VAIVY YAV | AYEY | PAY VY \ VYFY
VY4 YYA VE) #A Ve Y
YN YOA VOY/A | FFA \# ¥
3 loline @glis | /50 \Nil2 ar/a 0o/d | FVA \# \ VYAD
VAN Ae ov/a % Y \f
YO/ V10 oY YYIY \ ¥
3,05 lolie cglis | - /VE V#10 A OA ¥o \# \ VE. -
Y¥/5 V10 O¥I8 \f2 VY \f
\R7A \YY OV/A vy Ve ¥

iz 6Lbo)l.a Lgl)a 05) J.'-AAAJ uo).c u.AiJLA.A u’“"l")‘j )AJLJ" Q}A)T 6‘]} 9 RN 6)L>LJ.A c,a“x)) Slg)lm-:::-
el e Jlo Ky o

ol slg 7IGT (yg05T b anlianes j90 (sWao3L (sl cilisio Lo (b 4il53g; (b5 (rSiloo oy g i :(Y) Jgur

Table (2): Comparison of the changes of river mean width during different years for the studied reaches
with the analysis of variance (Anova) test
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Figure (3): Images of the occupation of the Haraz river floodplain in the Amol city
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Figure (4): Maps of river landforms in the studied reaches and years
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Figure (5): The area of river landforms according to the studied reaches and years
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Figure (6): Braided percentage of river reaches in different years and its comparison with the average width of the river
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Figure (7): The changes in the specific stream power in the studied reaches and years, the red dashed line is marked as the
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