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and mechanical) in Qarnaveh watershed
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Figure 2. Double mass curve of Tamar and Ghernagh rain stations
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Figure 3. Temporal variation of annual precipitation in Tamar meteological station
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Figure 3. A masonry checkdam near Altiaghaj koochak village that constructed gain 2014
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Table 4. Trend of suspended load and it’s coincided streamflow in study period for Tamar station

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-29 |

[ DOR: 20.1001.1.22516174.1401.13.26.15.3 ]

[ DOI: 10.52547/jwmr.13.26.163 ]

(pvalue) (¢ )b size (sen slope) L9, sl tau co o ol
NI —IYAY —]-5 Gl b
es o]y Y. RASTSI
 F ! 1
0 ~3 o 1 a ‘I
= sfi> = =1 T
= . - 2 -
€ oFT,; o - - - ]
s R . -~ ~" - > 1. -, ~
G 4} el O T 4 = ]
2~ 1‘ J
£ i A i '
o ot N> N vy N 0 % Y ) A S
o QW QT G T G (3 G g o o a®
Tima(Year)

)4.; Wu?“’) bliu.wl » asdllas .))99 LS)L"I 0)9.3 J}lo ) d’l’“’ )l; ..\:9) 2 ).u_u &ﬁ).w JL»:
Figure 7. Determining the changing points of the trend of recorded suspended load during the study period studied at
the Tamar sedimentation station

bl dngs) (LSl 62 i g (2L Jidy Al
A8l o3> &) gl whaw 53 ((65)9laS (Sl g (oS
Al ol 58 (VF) 90 9 U 5 (WF) ohlSen 5 g)lesS
ool IS S (pdaguy 5 alwp p (LSl 62 s
Dialosd oy 45 & dgae (lojl Lol ool by
a5 38le sl M Ie 43U asly 00,5 1) SB el
il gwy g plalwd il I (S Sl sp)ls
WAS Jls J) Gl elojls Slolidl poes ity ogdleay
@ e bojle (b (b p 2 Gl 5 485 )00
5l 005 Ll Lausgs (£ ,Sigesy L0l
_ 705 (s Qgu y D] Crguay 3,912
bl 0)93 9> (slp o o] gy dal,
Oo9y 4 e b (A JS) A,J Cands \WAS-AD AYYA-AS
S5 ol > 3lee dlge clale ) ealial L (YY) Soole
Lasgio jobo 4y B3, yiuw Slgo CBL izman 5 g5l dlo
gy Ly Jlodlil bad (58 (3lae )b oy Ve
buogte (03 b jbliie &ljg) Cgw) jlade «iS )b 9931 L
2 Sl (a6 ceSoyio VB Jolas) (g5l )95 VL
bl &Ly Cogu) e tal Cowty (g)lel (slaoygs 1 S
oo WYASAS )bl 0)9d (sly diligy bawgio (o b
OYY Jolee V\WAS=A0  (c,lel 0,93 (clp g 59y 50 o5 VOV
e wgd oo dlasMe &5 jghailen ol Cawds gy >
099 > oglip sul aVlo bwgie (> sl (Bhge,
& (OWYA-AS m) B 0y90 40 Coms VWA (g Lol
B9y Sl eoyp lp sl odny 26 e oy e

Sl Sloj ablie (13,5 1> b (3lxo )b Slyeis (o)
Sequential Mann Kendall 55, L ,5055 1 alie X,
25 09 WYA Jlo U 3les )L 259, o5 amd e oL
@ GBlo)l yux B9y WAS Jlo BAYYA Jlo 5l Jg 009
saie & &8 ol hagh )3 bl (LAl O)e0
slosl VWA ans | od plool (g sl ol Lbj)l
Olgie 4 WWAY=RD 5 WYA-AS Jloj 0)90 90 g oo
A a8 )3 ey s aalllas D50 (g)lol 090

Olojon VWYA-AS (o ylol 093 ;5 (3lae)l (290 odinls
Job 3 Bl )b ()3 ged Glojen by (23 LRalS' L
Ploj Sl (gw)p oMo 4 ABl 0y e sslel 0y
90 ool 0y93 Jsbo > Syaie (1Ske B9y b )L
0y9 Jgl Jo dw > &5 sad 0 i ¥ JSE o aslllas
ol &y Jlop ol 5l w9 JWSis WYA-AS gl
b Blel il & cul o] b alie ol
Bk Rl 9500 Jlnl sl 039y o)ylie (5L ol
oyon & g odd (aLS by Cumdy dgme 4 e
Al odd _Blgwy LialS 4 e (ool @lolidl

g 4 WASRD (5l 0)93 53 (3lae ,lo s 55,
b sledises b lojed by o0 bl bl o sailal
Ay, &)kl 0590 u:l 5 095'1; & Sl L 288 d’l""
&ty b Aibie oaalS s Sl (il Ol
Loy aldle (5L Gl b oplie gl )b ialjl oGl
sl 0395 Blao )b sbrdiges plojen (b (23 I
da i)l s i)l S cou Slg e Blee 4l il


http://dx.doi.org/10.52547/jwmr.13.26.163
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.15.3
https://jwmr.sanru.ac.ir/article-1-1192-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-29 |

[ DOR: 20.1001.1.22516174.1401.13.26.15.3 ]

[ DOI: 10.52547/jwmr.13.26.163 ]

ol S5yl g (53258 )15 byl b 5952 205 (illam sl g s o> 6y JB ibme O oD o o Sl oy

WY

D55 0 B ()0 3y50 ol e Loled g 398 00 (o)

(-
100000 T
10000 |
T 1000 .
g !
§ - - i
& 100 e !
y = 238.87x1 70
10 . R =0.69
1
) 1 10

Qw (m3/s)

QS il 09b )3 5.50] (adaguy g vl by (sl Sl iz I

w5 Jle b Gl d i coguy 9 Gloleyd Ol

10000 T "
1000 |
T 100 * ! -
k-] = : =
§ i !
& 10 y = 50.501x2 2 ==
R=073 {
1 4 {
0
0 1 10

Qw (m3/s)

AWAY=20 (0 WYA=AS (il (o5lol 093 (lyr o3 (6 09 )duds 0liuns] 4D ogusy dmiw ouio —A JS05
Figure 8. Sediment rating curve of Tamar hydrometric station for the study periods: a) 1999-2008 b) 2008-2016

2 o3l gl (g 5 Glaleyd SRl snesplis
aubdS (g)lol 0yed a4 Cums (VWWAS-AD) sl (g)lol 090
b8l pbgl a8 gme ol a4 ASb e (VWWYA-AS)
Uil g JymS (lp WWYASAS gyl 093 )3 (o]
plo 55U WAS=AD (Lol 0,93 )3 Lol codgs (B  msgu,
G 350 Bl S Sl ] migny 2 o Jlse
ol el sem wile Slusl M le ¢ b iyl cus
Cuto byl 03 i (g bl bl 4 cuus
bug bl ¢ SBocbles clldl 56 e
Sl 1Y) (iSan 5 Sizg V) (Kb 5 (5lymnss
) hSan 5 55 (M) e 5 i (V) Sl 5
3 355 s V) olSen 5 b 5 ik 5 sl
2 gk cnl @l nge Nl () b 1) olSen
& imgh N wls b Ll .i..wb VWWYA-AS (glel 0y90
WA Jlo 5l 5 8 s)lel 0)9 95 dunlio 4 by

2 &plre

RUSLE Juo b ogUyd susul (il 38 cpmesc

slp SB il ol RUSLE Juo jl eolaiwl b
SB isleyd Wb 03 peesd 43.]”40 dy90 loj (slro,gd
o5 YEIA Joles AYYA-AS g)lol 6y90 (b aillls Lawsio
SB il e 450k el candy Jlo p kS
Jlo 5>, 55 5 ¥UY BAY/Y 5l oghys 5wl adaw
Uinloyd 55 WAY-20 )bl 0y90 (b .l o3gr puiie
Casdy Jlo 3,8 55 5 YAA Jolee alle lawgio S
P SE ilo e gyll 0y ol 3 4o yeb el
Jlo )k jo 05 0-/2 B YA/ 1 ogl 3 ol aaw
Lol 009 yuxile

asdlas dy90 (55lol 0)9d 93 > SB iuloyd (claaiss
Gl bddds Cwl odd &l Ve G 9 4 JSS p

dsle @l g o3 o] Glae b Ll Jilow
Cut i iy oSal oty le RUSLE Jas by ol
Qibe WYASAS  (gill )93 3 (g)lossul wlolasl


http://dx.doi.org/10.52547/jwmr.13.26.163
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.15.3
https://jwmr.sanru.ac.ir/article-1-1192-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-29 |

[ DOR: 20.1001.1.22516174.1401.13.26.15.3 ]

[ DOI: 10.52547/jwmr.13.26.163 ]

Wy

Sl S5l 5 538 €15 G s (55 05 cpillinus sl gy 0> s B ilaas OIS o (Sl e

390000 400000 llD.M)O AIG.MO

VN oyl g b IV o)l [pmd juw Jlo 5u50] 0595 o pride doliding s

IIOIOW 420000

Il e b e

WA Jagea b e

4170000 4ll;”'.
N

JI‘;MI)

4170000 4180000
1 L

ll“.)M.

Jlo 2 S p 3 WY § Jo 3 LS 3 5 Y
Al "
ol § S
o -l ¥ e |
~Hl ~Hl
;I £ B |
o ol st; =
370000 380000 390000 400000 410000 420000 37".00“ Dnlﬂﬂ -‘”.“0 MIWO llﬂlﬂw 410.000
A g L o L b b Jaie
e
Ju p s 5 s PVIE - Ju P JSa p TN
N % &
¥ £ o
o = o
~Hl ~il
] i ]
L s ;[
s -l e |
e v e b w1 o ad 20000
R A e e Jiie
Jo p fSa g TAN D o5 s vy
A
Y]
- o~ Il
~
[
;[
o+ [l
bidand 370000 350000 390000 400000 410000 420000
VVAL | o b Jaie
i. Juo P Sa p o3 YR
: A
§- s
N ~
~ [l
§ by [
N ok -
3
£ o~ [l

400000 410000 420000

i I "

4170000 4180000
1 1

ll.;ﬂ‘

A B 3 e
Joo 3 S p YT

N
A
ey

~ -~ Il
~l
£ |

. o

ogbB sl 0 AYVASAS Jloj0)gd 0 S ol cond laatis
Figure 9. Soil erosion maps for the period 1999-2008 in Qarnaveh watershed
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Figure 10. Soil erosion maps for the period of 2008-2016 in Qarnaveh watershed
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Extended Abstract
Introduction and Objective: Evaluating the effects of watershed management measures on
various components of watersheds is very important for improving the performance of actions.

Accurate evaluation requires continuous and correct monitoring. While monitoring is not mostly
considered in developing countries due to the high cost of its implementation. Therefore,
sufficient data are not available for evaluating watershed management measures. So, the
methods should be selected based on available data to achieve appropriate results. Current
research is conducted to evaluate the implemented watershed management measures
(mechanical, biological) since the early 2001s in Qarnaveh watershed which is one of the
subbasins of Gorganrood river great catchment using analysis of available data by different
approaches.

Material and Methods: In order to investigate the effect of climatic and environmental
components on erosion and sedimentation, temporal changes of land use and precipitation were
assessed in the study period. Due to the importance of investigating local effects of measures,
their impact on erosion was investigated using satellite images before and after construction of
checkdams. Then, the changing points were identified using recorded suspended load in Tamar
station and sequential Mann Kendall approach. Then the amount of erosion and sedimentation
for defined study periods was estimated using RUSLE and sediment rating curve approaches.
Results: Satellite image time series mostly showed local erosion control for upstream of
checkdams. While, estimated erosion using RUSLE and sedimentation using sediment rating
curve for determined study periods using sequential Mann Kendall showed increase in erosion
from 36.9 to 38.8 ton per hectare per year from period of 1999-2008 to 2009-2016. Comparison
of estimated sediment of Tamar station for two study periods also showed an increase in
sedimentation.

Conclusion: Although watershed management operation has had positive local effects on
reducing sedimentation, the combined effects of other components such as land use and
meteorological conditions resulted a relative increase in erosion and sedimentation of Qarnaveh
watershed. Therefore, to evaluate the effects of watershed management measures, the spatial
scale of the effects and the interaction between different components should be considered.

Keywords: Biological measures, Mann kendall test, Mechanical measures, Sediment rating
curve, Universal soil loss model
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