[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

"‘_;‘M-hs)-’ 4]&0"
M SludsS s, b o Cgw, 9 Sllg,y (Sloj Ol puts

¥ .o P Y RTER) . .
035 auan Bgiy g Mo Wil ¢ pogus om0
Ol ol ¢ b malio 0SSl ¢ rnibs Ble (ige 28yl ol S gl -
dengl oL ¢ b ailio 0SS ¢ g )l jusul awdizes g pole (655> (goomiily -
(L_;L:.!D)‘ B oKl m.j o o 00S0iR g S g g ‘_fu...lo glog 8559 0asiiils (b gl 09,5 Hluisly =Y
(raoofmostafazadeh@uma.ac.ir : Jggue odiuu 53)
VEVYIYY s bl )b WRAVY sl s o b
AY U FY casan

Solw ok Bolho 5 (5559LiS ke ol
35l 039 Cupde aoliingly

bgunso 0355

@ Olejen el s Sl Sl gy Sloj g Sl Slyets Cuyd S Aojl (5 20900 SlaolSiug] Glas gy b 3590 18D g douie
Nimsod g Ng) (bt Cand ) ul,,..;u Oigs ol 50 i ] 4B )T 1B dagi 3)ge yaiay &S Canl (9)lge I o)L Sl S gy g
5 305 (pdges 0 o Sl o 0lKusl Jols oK) b 3 (S)b polie & Cand AVl g Gl Cguy «oblyy AVl g dilale polie (o loges
28,5 )3 iyl 390 cisle py iomie 51 oolitol b allus Y+ 059 (S5 53 ) il )3 s S’ atels 15 gly o0

D oo g dpbre Glajen )3 Sy 5> 0l Gigey 5 SUlg) )l wlale slaosly wislae prr soxie o g ) sl HBg, 9 Sge
Osoil 35 9 cud e )5 )8 edlanl 3y50 Ul slie gy Clale 5 L slie p SUlyy SR G sl (STC) gy (govie el
cupd g il Jolo ccud et slailo el 13 .28)5 )15 byl 3j90 Cogmym il g Sllm AL (e laggidie Sl 3 e
b oalisl aalllaes jgo gy 9 llg) Bl (Sloj (Sl e (Stmsad (2b5y] sl 5k (o G, Sl (izren A pLYl S (595 e
ey plie (BIGSH ¢p oiun] 2y 45 0> LS (g g hen (sloolSiunl 39290 (slel 0)90 Jsbo )3 gy g DUly, s polie ol Bl
sl 0392 ogu) g SUlg) g2l p e (IS ()2 2090 ol (oS 3 5 o] 13 &S Syge 3 21 292 obel 0)90 Jobo ) bl 5
5 Cow) Hldde wdg culi (g)lol )90 Jsb > oxie s Ol W) oKl 5 Sllale by 8 (slaolKiu] 48" ob lis Cacliae p o Jhges pls
ool )3 iz b odnlio S5l 4 Cans Slyy 5 oy Bgy Sl s g 3yMeg oSl 55 bl sl byl Mo by ceuslizo LU,
B9y oyl g oKl (sl WAS Jlos g olSisT oS glp WAF 6 WYA Lo, Slodgs oy 159, 136 adgl (claJlo p3 laodly olyg ¢ olKuts
Cawl 03,8 Iy il

oy (oo Gl .l </ 905 U yao 4ol )3 Ciguy 5 Slgy 5 o)l (sloodhy ol (SKtuad a5 ol (lis yobd (sl )bges ko 1.6 8 s
Lo adlllas 3)90 dilaio Cuslio (BLS by 35 9 bedod 9Vl Sloj oo By 093 5l bailisg) 435 L plgice |y gy 9 Slly) Sy
dad ;3 eyl ogMe )l 13 wlin odgacre S Hd olSiuy] den 1D Cgw)y soodly Hlxe Blul polde ol (slaylages Judow wlel il

[ DOR: 20.1001.1.22516174.1401.13.26.2.0]

[ DOI: 10.52547/jwmr.13.26.43 |

ol 035 5t ol Sllyy slaosls Jlxe Byl I gy slaodls Jlaxe Gilymol yylis LaolKiy]

cislae py> jldged gy (otie Cud s(blae gy il w2fy et 1SS (SL0]1g

ool SMasn I (S oyt liogey sl adllas
g ol Cunle CELS o ) Cople g 039 b
oimte Sl e il ol esdy > se else
39 LSy D g 039 (o) diwgy (loloyd Jelge
WS oo Joo yian )b g Bl (Jole pgons 1) (535
Lol ol laojgs g balhag; (agw) 5k 3yl (VY)
Sl aoie (V) Cuwl Gowy K6 5 Sloj @lpuss Sy
il gl te 39y S &5 (DMCS?) cislae p >
YU e bl 5 ol oy el b it (glnslio
sladie 5 Ol oMo S¥olee JUS ) 5 Wgd oo el
il (Sjdeyin sl Gly (Kidere
Slyss Sloy CleMbl caclas pia e (YA) Lgd oo
Olysd lise e (YY) 200 Ginles 1y o pustie )
Copde syl 33 (63b Cueal (b (23 5 Cgm)
oegad 63 slagingy (V) )b el sleoje
5 Sloj izt slaplie 3 gy 9 SUlg =)k bl
5 oY Lwly ped o Cwl aBS Gee S
obe bl Sl rdes op () S
cble p f5e eloe 5 3lae gy clale g (2 ()0
bl )> Sos8” lail e jool o S ) Blae o)
o3 el (Sloj (5 S 45T S 4B ol 4

Aodlo
w2l a8 bl plo g e oldj S
ol eVl 5 (lad @iy (wey BB Hsba Mg
ol g 0aMe (YY) dad yox ailidgy S jo 1) ailia,,
4 e & Cwl Sl OMaw I (S S led
5oy o J 5 Basy, 53 i b (slaSoy)
Sl sy 0956 s (YA) sl oids S (g55dols
SYS Jon cage 3l band p egada ()
4 Y0 pl ol ol yeej 0)S maw p edie
@bl sl sl s g Bl 5 LS o5
BliS yob ases (Siglgpn slaaild g ol yorie
9 @9y 9 bl Ol > pludl glacdlé 5 ol
() 2l ook comal Jlul arwg 5 Ol mle Copie
38es 53 g Cusl lul 5 (b s o Blee g
W29y whow (S055l99)90955 9 (S2iodST (Selgrin
plel Gisy alag, el (o (YY) o)b wlel i
Ol (355 2yl oo JUl 3les )b & g0ty Slige
9l 2glp il (2l dlea (Bl )3 g
Congj bame 4 (6)li0gm) Jl (56 Ohlud (s x>
(VYY) ol 5L 3y50 chuse] Copte Slwb s

1- Double Mass Curve


http://dx.doi.org/10.52547/jwmr.13.26.43
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.2.0
http://jwmr.sanru.ac.ir/article-1-1077-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22516174.1401.13.26.2.0]

[ DOI: 10.52547/jwmr.13.26.43 |

¥f

oljidlace By g (Mo Mojl (pdgue o0

Sl ooy 4 (F) OhlSen 5 SO (pizen 48 sbx]
dibio > ogey 3Ske poalgb 5 L
o oy &by, auls  Hekouzhen-Longmen
b S8k oloj g G Sluss Giagh cpl 3 Sl
S S6L o] YoV 5l o (gyslaen (slaodly jl oalatul
Ay i ol (8,8 L8y 350 YoV BVAES o
FB b VAN b 3 adgw, il oS
3 ol lopepe sm ol by b cos ey
O bilsy (pp 4 (V) phlSen 5 9wl (ol @l
2 A3y Glpl oS ase ) ogey b Bk 5 Uy,
sy ol ol b ool RTINS Jse RS u.s‘
9 oy 9 SUlyy o baly) e 3 Qe S5 o oS
O 0o bLS) copd g ogwy pdlie (eSS (pizen
‘.g (\A) U])K"’m 9 Lu);..: ..))l.) u.:9> u.)])lf <Ay 9 -5
G oo e e g JMS—pe ogeil 5 eslitl
9 ol Sl 4 Gl ) W29 by Sl ()
0903l 9 JHS=0e (ygesl Sl GRmagy cnl )3 sl (Sl
S yie 5l Gloj gy o B reod 45y gl
Ab a3 S ol e alag oKl o wliilge
Sid g obyo Joad 0 Cllgy clyuss a5 o lis zls
daw )3 1) il L9y 5 e (il (SHL 5l e
e gy 3l Jols ol o Gl ey 0 leeb!
GBelé 5 el Sl o8 oh gl dielas pys
A5 gk ye Juad 1 Cllgy Bl 4 e o iy Sl
39y (PIpe) Hgy pn » (V0) s 5 Sl
ool 8 Wik, a5 ) 4 LiadS ¥oggia Sl
Blae (dlg) pasuie b S ()bl slaggel
Sy g caib salgs Lials Ky, ol Jlis! 4 Yl
DA 4 b gsul Glaoje Cupde 0l (65 e
2 (F) ghen 5 (Bolo o5 drg ity Slul dawgs
ot gloail> g gl g ogaicogu) o Laulyy e
ol Mie (S 5ol o> ) gy g5de byl
sfcels g9 il laalin dotw sladdls o 128 )T dons
sgaii] akig Yl 4L 5 leo gy Clale Jliis 5 03
Olegsy g ekigiomly S sy ol e e
P Srpj gl CS)lie 5 a5 IS eShe
390 |y okig) ol Bl ) Blae gwy clale 3 als
Olsie b ags imgg 3 (A) (S 5 9o ilosls )13 45k
S adg> 3 Gy dxiw (e S 5 Sloj s
Fosb ¥ 1) lae Cgwy clals ans SOL alg) ol
ala YooV 51200 Jlo 5 Sloj coglite slaoygd
b gy ot goie B 5 (Sloj Dl 5 008
U sl (o Shy 9 Gl glacdld 8t 4 cuns
4 Sl glacdls g loyws a8 ob i gls W)
doxi oo syielly s 2 1y el b Cannd
oy Sl (V) Olfli,o.m} SOM= 35539, 23510 igm
Jlod > &ly Sl sl o> )3 Blae gy Jlinl
@ 9 Bl gy Godls g WS (g Lkl 0ye

oMo SlangS clailedg,y by w9 by (Sloj @l

sl 0392 350l 3 guy W g (Safelariem gy sl
2l )8 e J() Sen 5 Glegyog owized
g |y So 598 > (hgwy Olie 5 SB Hlaley p
S STy Sl & amB)S a9 b L8 b))
5 89l Gl i 203 3l Jinge ilyons (alS sy
ol Gl i g dawg WU oy 4 (V) oS
Py Lulyd cod CgwmOlly) 9 SUlym )b bulyy )
Oibet y by il Bernam o] 3 el ye g
Slp cad By (e g islas p oo I ol
OBl llyy klgy g9y (ool 60 Sl 136 gy
Gl a8 ol s wls b eolatwl g y—llsy 4
~<Ulyy 5 Bl blyy bulg) s el (LB )8
(STCY) k) gomie cud 4o ,d g Cawl 0Md Cogu,
Eand yd g..v}.w)—gus) e g 4Ylo gus)—;b)l{
2 ol sl sud 5 i VAL sl Jls 4 Cus VAR
A3 Cgy g Sllgy plie a5 23)5 pledl 395 Jimgh
J8 sl 4 e N Jlo 3 2l 60) s
AT g 3l i s 4 (7)) 98515 ol 005 5 ke
9 sl ojex ilede Sl ekl b QUly, M5 o
By s gl pasds gl el il 5 40
Jos g ielae p gilod gyl plil adlae
e s A LS ol b eolaul by pally e
5 Gl cloases 15 VAR 5 1AAY Lo > caslise pyn
Sblyy Olpuss pined Cal 4Ll i8] Ggy Kgy ¥ )la
V85 i g Cude ol 039 )3 o VY B Vel 4Vl
(YY) o) Kan g anli .l pito Hla jusol 09> )3 Moy
oailge gl 156 5 ol g8 Sl byl &
ol e by sl Simly 4l 5> iglg)ne
N9y Sl Sl Ll )l Sl e Sl gk
P b Gl mls b edlal cielae pp Lo
43,5 oadb Wl o (SUHL 0 s &S Gobye adkaio
Jole plysas cwl (Sen (2] )8 Sl 098
b Ui @bt 9 (G Cguy 9 Sl il Lol
~Ulyy 9 SUlgym( Sk daily (3L )8 e didde
celas pyo sl ot Cud Mgy (Canl 03,8 s gy
cicbde py (slagizia 5 (CUlgym(S)k) SUlgymodsb
0392 St Sk B 0)93 b dusliie 3 g =l
P $)8 Cawy g Gllsy 685 odimd L yol oyl o]
sedls Koy polis b oS sl oy 0yed Job o
d95 o yoo 5l 395 (S adlllas )50 (S50 S g
wor 4 (V) ohles 5 0y 293 2 g
O o O jsul 0 > Oy g iale sy Sy
oobsly 1y QUly 5 (BU ol 3 gl ol o aisdls
MR8 oo 25 YAV B YN 0y03 (b > (5L, 55k
2 Sl gy g Sllyy palie oS A L @l e85
ol ol g )8 et @ly b oLl LS, sy,
Gluogas o5 105 4ledl 0gs s jo li) ol 4l
03 (S5l ploj e g b 3L CoB (bigus) sl
sy 5 ol On Jol ) 90k e Cusl (Ses o5

1- Slope of Trend Curve

2- Bilate and Hare
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Figure 2. Distribution of monthly precipitation in the studied stations (1996-2013)
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Table 2. Monthly flow rate distribution (m%/s) in the studied stations
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Figure 4. Coefficient of variation of runoff and sediment values in the studied watershed stations
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Figure 7. Cumulative curve of runoff and sediment yield values at the stations under study
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Figure 8. Accumulated curve of runoff values at the stations studied
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Figure 10. Taylor chart for comparison of precipitation, sediment and runoff at the stations under study
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Extended Abstract

Introduction and Objetive: Estimating the suspended sediment load of hydrometric stations in
the watershed requires an accurate understanding of the spatial and temporal variations of the
sediment regime. Simultaneous changes and impressability of discharge and sediment from
precipitation changes are of mouch importance that rarely considered. Therefore, the aim of tis
study was exploring the changes in the slope of the trend curve and also the graphical
correlation of monthly and annual data of runoff, sediment values to precipitation values.
Toward this, six stations including Atashgah, Pulsoltani, Nayr, Amugin, Villadergh and Nooran
located in the foothills of Sabalan mountain in Ardabil province were chosen and analysed over
a 20-year period using the double mass curve method.

Therefore, in this study, the amount of monthly and annual runoff and sediment variations in
relation to precipitation values at six including Atashgah, PulSoltani, Nir, Amugin, Viladargh
and Nooran river gauge stations in Sabalan Mountain, Ardabil province, were evaluated over a
20-year period using the double mass curve method.

Material and Methods: Tworad this, the monthly mass curve, the mean monthly rainfall for
the same period calculated and was plotted versus corresponding runoff data. Trend Curve
Slope (STC) was used to reflect the rate of increase in runoff and sediment amounts based on
rainfall or runoff, respectively.

Results: The results of changes in runoff and sediment yield during the available period over
the studied rivers showed that except for the Nir station, there were uniform sediment and runoff
regime of other stations, during the studied period. Meanwhile, the Nair station had the highest
amount of runoff and sediment in all the years studied. Results of double mass curves showed
that Nair, Polsoltani and Atashgah stations had no trend of curve slope changes during the
statistical period, the amount of sediment and runoff was proportional to precipitation in a
consistent variation regime. However, changes in precipitation and runoff with respect to
rainfall were observed at Villadargh and Noran stations. Also in the recorded data of Atashagh
and Noran stations there is not a trend in the early years of the available data, but the Atashgah
station had a decrease in 2000 and 2005 years, and a decrease has been occurred in 2007 at
Noran station.

Conclusion: Analysis of Taylor diagrams showed that the correlation between precipitation and
runoff and sediment data were in the range of zero to about 0.4. The relative similarity of runoff
and sediment change coefficients can be related to the originating the rivers from snowmelt, the
annual scale of analyzes, as well as the appropriate vegetation of the upland study area.
According to analysis of Taylor diagram, at all stations the standard deviation of sediment data
was higher than the standard deviation of flow discharge data. The standard deviation values of
the sediment data at all stations are in the same range.

Keywords: Double mass diagram, Runoff regime change, Suspended sediment, Trend curve
slope
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