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1- Principal component analysis (PCA)
2- Gamma test (GT)

3- Relative error (RE)

4- Root mean square errors (RMSE)
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Table 1- Geographical location of study stations
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Figure 1- Location of the study basins in Khorasan Razavi Province

Ayl (145 ) 2Vl (Stuser 150050 L & Llolgs 5l s
csbele 93 2 o T Lly nl 3 (V2) 808 5118 Sk (o) 590
bl 2 aS Lagl il (S0 il (58 (e SouSu L &S
ey oo a4 St Oy Bilgw 9 algd (iSOl
WS LS pleg Joo sl bl Jalge cand Sl (5500 9 Lai
S55 (Stor o Jelgs o5 13,5 pbsl clde pl 4y ol (pl 0
b Jae 2 s g Sl sl atlgicon 5 55 S8
(V) B9 3)lg luslors pd cdigas
S OEalS l opite wir bl slaig) 5 S
Loools 5l 9ol e 457 (53 90 )3 el eyl (sl i oo
o=l Jlesl L sl oo (ol sloadlge 4 4o gy )15 392
Sed Ggd 45 o> olaailie 4 adgl lajuiie (g,
b (oS 5 0ad dbml wax laadlye 5 Wb o Jodd il
3 i o3l (sla 4 (hg) cnl ) i adgl sl e |
S s 5 93,5 s olmadlyn 4 | U] il eyl (ol o
33,5 o odlitel ady) (sl wita sl & Wnadlga oyl cliol j1 (ol
2l ol clie lapize OBl Gl by, 5 (Ko (V0 9 A)

Helmosls (iSen g (sw)> (uoyp yobate 4 (gl wl 5
dg >0 slmodly ciaS g ub oolaiwl alis b s 903! b,
S35 0ol 3 S sosls s pslate 4y (¥) 2,5 S8
L elas as dS ga b0 o) bl (gly (V) A eolau!
o3l Ml S o J S (g 350 (lmodgaome 13 |y a5
lil g (39 Jloy 1 e ploxil o 69y 2 (192 Jlops
g laded Jlou g dy o | a iy ealaiwl jo Laodly 39 s
Lily yiie (9 Jlop 4 d2gi b bl 6y902 siloe
pite Sy & kel (b )0 Joo jl o3litl b 3lee Cogus)
A5 b by mig b
O Ayl Spgo 4 gy W95 0 e Jelgs 4SOl I
bl sl Blee Cgwy Mg 10 (65 G U a7 elge (s
sleddge dydnjod B9y 93 gl ol )3 yelale (pl 4.0l
So p Jelge i se & Loty plyie 4 Ll (el 5 Lol
Ve 9V AY) s )5 )8 solatwl 3y50 cibled o (ol |y oy
ol (bl glaadlge 4y a5 LIS (ygesl sl al 5l L8
Ol sate cpan U s 8 St Jitwo Jolge (sl (Stunson



PAV o blS (g3 51 soliiuot s $lto o ligusy JUil 5 algs 1 550 Jolse ot otes comes o yl50m 5 (guaelno

o S8 ey ol st f (gl 3l S L gl
sbodly (giloJre sl (63959 slopiie ) wlie S 5 e
ol a8 (oLSin ged oy ) Jlgen Jae S s g (295
Soslil L ail sy slatasMe o8 j5b & (lodsy 2 350
O 9 82929 oyt Cuenl (e i g0 LI (g0
L et 5] Gty ]y - See slocaS 5 plad e Sl S5
) LS s a8 (6395 (slmodld dlusi lg5 o M 9051 51 odlazul
(V) 3905 e o5l oa slgon o 2] (sl Sl il &
Slaspe (50Lee (oS sl 4Bl gy )l S cnl 2 0gMe
A oo | odlaiwl b calises (glvony (gl Jio 5l Jols (sllas
a9l cxl 0 (VY 9 MY) wsb e oy ] 5l Slhalie (claosls
o o lin Yi @9)5 9 Xi 83959 dl.m)b 4e oo a5 Cowl Q.;.]
b lasl o (V) alaly &g 4 (glony
X, Y), 1<i <M} ()

Sy Vi (29 Kii (639)9 degoome 4 d2g5 | &5 (5)90
oy il ord sdalie (cacgeme (g yw dliw oximd L M g ]
by g Cgabad pas (0,8 b LIS (g0l o] il gy 35
Sz bl 93909 595 3 29 o) Sy 3 S ol
on dal) Cygo ] sl igjloJie sbhonsy (39 (Jad e
(¥ adlaly) ams o QL T b b (2955 5 (629)9 slosls 4s gooxa
Y=1(Xq, Xg,...,Xm) + 1 (¥)

o din sl 45 ol (5 gen 5 Sbleif ] 5 85
Sl 4 sl Dokl psiio 0 aimd LS T g 2545 o odlaiiwl ool
Ol T a8 (njg 0sSibe Al (58 b gy 00 4 s toles
Oy 7 1y 5 Culi e o) Cunl jho plp S (o 9
Loy 45 ol 7 5a5 oy 5 (6,5 i 5T o (xS sl
4 i it b Jae & 356 e ccanl oS s
oy 5 i ol soaima L LelS (9051 g 99 50 S94x
D9 dpwlee ¢laer o lawgd Wlgi o &S sl 39y (glaosld

Xy %, adais g5 ;5148 ol gl ol gl 5 LIS 5051
Yo 5 Vi ki 93 anl il (99909 gldd o o 4 S5
e 4 il gy (slb 3 o 4y Koo 3 lag L ol
D9 o Cand LI Jao 3 lad jop cumw clls ol sl

M(K), ) sasgorme P o (b g5y iy sloml L
2] o Candas O dayly gollae (cado leMbl (YEM(K)
y=Ao+I" (@)

Sledbl Glysse 0 darly )3 018 (ly gayS b3 o)
ks ollae 5l go,e as o) cawss 9)e] cwd 4y (g0
oLty 3 it o Sl 48 Casl LS (ygail e (gorimdslis
23,5 301 Joe (galuvg 4 Wilgi o 45 Canl 39,5 (Lol

Ui peite (st oS et ilo 51 o3lizl Lol (sloailge Lo
(VF) 55,8 Gl Lo §) 155 oS

50y ) dolee ol ol sloailge o b, 5>
u,i,l_..o dl)b 4SS Lad J)L\Jl.'w\ E9S 4 (83959 odly S
A8l s s el 5 oo

e (V)

X L5 3y90 ysita 01 250kl ola 1Z alay oyl o &S
Jhame Blpzsl Jlade 10 g (o) 390 yuite (1 ln < puiie jlAd
Bl (pyp 090 e

315 P el PHP sy b it sl « st oyl
Ol (ool plad 9y slagde oS (Coul oy 390 sl it
oo ol laals ad 5 (63909 lajiite (bl (u sle
opbe o le ol -l (639)9 Sy yiie G ib)lgsS
9 45909 0 Sl Glie 5 M8l e Bypre (puillgss — i)l
Oml s e 4 amd o (LS o b ]y e P (Stsen e
L el (63909 sl pito o (Stsod g ile Jolre o 5le
0l Dyl (glaosld 51 syl cpl JuSiis (gl 4SSl & an g8
o=l eled o Lol ylad g9y sl Cplply ol o solatwl
O o9l)lgsS spaB s slaaslyd g adl e S b Sle
o329 slopr 9 A ofog polie dnwlome (sl sl (63959 (sl pie
Do o 03wl (St Ly ylo

(o329 slalop) of des bgsye LMol Ly 0539 jlado yo
SNl | ga0)> 35 adlla ja amd | adlpe So sl Sy
CopeS 4 008 (o0 3 3 1y 2980 (o Al (gl piito Loy oS
L yble addgs oS Cunl (pl ) Sly il 55,5 039 polde (goue
23,5 o Jols 1y adgl ela i SleMbl 51 (65 i dopd 35
Vadal) L g adbie adsl slapuite | (ad (o5 5 adlgo o
Dyl g0 AU
PCj =aj1xq +ajpXp +..+8jpXp (v)

059 410, cpali @ip (155 5y5 0 ddlge yuali PCi f‘_'j D as
L0 9V ) dlion (ol pusite (3alP Xp g adlfe (alP b jlolize
Gis g Sloslxs ) aailga plo ¢ Jol Lol 4lge aix lks]
Dgoi i ailiwl oLl > ool cdd Bl oplplo ¢ Ked o
5 a5 b o Bl ailiwl Lasis cla g, 5l (S O (oSl
Ot S sy il 53 D900 o) Beilge 0 lad o9 3lie
8l e oged & sl (oo (Lol it g (Lol (slaaddia
o)lod S Julla 13 0y polie &S (e (dm thled (o0 5
Slo Sliis s dlhe



VFoo 65— 13T 8 ojled ¥ alo (S g o 4,55 FYA

S (3 e dliio L) Sy g yla5 a0 (oa8ly s g ol
sly s by, & e LSyl ks «pglme (slaolSiu] b oS
L Bl (bades 1Sl b lolid )5 4,50 5 ades (Su,l

Joiwe Joale WY Lol laailge Lo g, 5l edlatul |
s 55 cpl 808 Joas adlge vz 4 (Y Jgda) (wy 2 3590
Sl wiad o i |y Wl cp 5 i &S oleadie bl b
ol (Lol gadlge Jlow I Jol> gmls bl oo 2l byt
a1y oad dloyl Clypuss o> A0 /+0 Jol adlgo guy a8 3l
lors el ) adlge iy 31 Lo it ¥ g plsl o S e
DO (laadlye s 4B)S )5 53 e 4 ooy slaadlhe
1y gy o pd VIV VNESHBY FV/OR XYIVD iy
AU i p9d 5 ol 4lge 93 cnlpl dimd e (olais] 28
Al adlllas 3)90 (sloasgs 53 Cguy Wi Sl 0,

oAl e g 4l Colue lapsie ¥ Jgde 4 a2 L
sy g L |y (Sian ()5t Jol 4o 51 (Lol aal]
ol g AUl (23 (ke pgd adlge elge (> )1 (3les
oy IS 1t e Jole ninke gt 4 anll (639,0bx
wnl] GAIEL o 5 Ay i olge oplpliy L Al
wal ] £39)0m s 5 Sl (23 :Sile < Jgl addge 5l Lol
ke G5 pges dilge Sl anly] S o515 5 pgd adlge I Lo
93 PS5l el adlge 93 5l aeis 3 1> (Blae gy g5
50 ] ke O ggasma 3 5 Jale (Ko pow dilge | 5 ¢ Jole
ailge 9 Xi 9 X pg> adlge X5 o X Jol adlge jl 5yl ams
(¥ Jgi2) 235 Sl Xy poes

ok (S odimd LS (g5 b o ol pgd
Wl (o295 5 (53909 sLoodl dsgarme (55 jl 45 canl Jaa
P (Shomy godimd (LS ML GAT 4o b b ol 9 398
ol 3 bl Ly 4 e cslaylane 51 555 (o (1)) el S
dl)b as el V ratio A 940 )L:.&p 3)91 Cawddy ngua O}o}]
PSSP yho & ke cpl dzpm g Cwl ) g e o3l > ol
Foolas cla 2 s 8L lp Jro VL €8 Sbles caily
Jaie 355 05 S5 dae 5l Viatio jlade (ST #8ly 55 .l b 649
2959yt N9 (1558 S1VY) w300 Ut |y (e o pd
sla e )Ibu.’uw oS 5 2N-1 olaws sl S50 slosy (sly
= P 83909 Jolss o oim ulnly l e 29294 599
Lol ol 51 odlil b sl 3 elelanMo Ll jobay (glossy
SLacaS 5 (n e 9 52959 b yite Cuenl (e C 5 g

(V) 3590 oy 1y Son

cbale (glaodls gl sylel GBlS9,L o) 5l ol ol

= sladlo (b 4o Gl ()l g gl (2 Bl sy
0 (p S sl Laesly Ly, AWA-1TAY B YEY-IYFY
S ik 0)93 (lgie 4 0)93 cul (g cnl 53«9y cul 5l g ML
L @y godld o)l b lo a5 aigS lon .y )5 Gl (g lel
Sl g aliey (0 sloodls 350 10 So—59)5 dlaly I oolazul
(lolid 5l am @y glaoald g il plodl §lee gy (20 (glaodld
oolosl 2 hodls 5l (B doeas )3 85 )8 S ke (e 3090
Sl b 3550 P 5 ol sl iopa g (ouli 5 k5
45 G lrodly Sl s (B g s dljy) BlSgpam g O

aalllae 390 Allaia ;3 Qg M5 2 Sge Joloe ol Glaailge S jf Jols gl =Y Jao
Table 2- Results of PCA of the effective factors on sediment yield in the study area

Statistical
Ao oU
»e 39 AR HP] 5wl
Component name 2329 gl OWly M2y e i)y ey
Spacial value Variance (%) Accumulative variance (%)
i 3.99 33.25 33.25
First component
P32 e 2.59 21.59 54.84
Second component
e e 198 16.52 71.36
Third component
Pk e 1.39 11.60 82.97
Fourth component
o e 0.84 7.07 90.05

Fifth component
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Table 3- The values for each parameter vectors in each component

o b sl Jol addje poredlze  pgwallie  plenadlie e adlie
Variable name Symbol First Second Third Fourth Fifth
component  component  component  component  component
Sl AL oSl X, -0.48 0.08 -0.34 -0.25 0.68
Mean annual precipitation
Sl (o9 oo Xy 033 0.87 0.18 -0.08 0.005
Mean annual discharge
il 4 s (Gl (90l Ao )
Outcrop of erosion sensitive rocks Xy 0.77 -0.32 0.48 -0.16 0.05
(%)
ol X 0.87 0.27 0.24 013 0.02
Area
kol anlyl Jsb X, 0.72 0.24 01 055 0.07
Main chnnel lenght
kol alpl palbL el Xs 092 0.15 0.07 0.12 -0.26
Main channel gross slope
oehsl)S erd Xy 021 -0.38 0.18 0.71 0.17
Gravilious coefficient
el sl s X, 0.27 0.78 01 -0.16 0.25
Main channel meandering coefficient
by bgle o X -0.64 0.59 0.38 0.24 -0.13
Mean slope of basin
. o ol
te m_yﬁ &%, . X,. -0.59 0.46 0.59 0.06 0.13
Mean elevation of basin
walnl oisaj oS5 X 0.06 021 073 0.58 0.12
Channel draining density
Laaly] o2l Dl a2 Xye 0.17 0.42 -0.66 0.09 0.4

Channels branching coefficient




VFoo 60— 43T 8 o)lods FO o> (S gl 4,5 FY

('/‘LY\fOQ)p’O w,.o
05 10

Second component (21.59%)
08 00

10

N

x;’

/
/

10

05

0o 05 10

(AYYIYa) s adlys
First component (33.25%)

kol ailgo 93 b Jolge oy alasl, Y S
Figure 2- Relationship between factores and two major components

18
=
- 16
2 14
2 £
reow _
i e 10
L
%8s 8
1835 6
2 = F
AN o 4
3%
@ 2
38
S 0
c X2 X5 X4 X1
[a

X3

X8 X111 X7 X12 X6 X9 X10

oyl
Parameter

B Jue (g0lauioy OluS 37 10 b el,b jauds o > Y S
Figure 3- Percentage of presence of parameters in the suggested hybrids models
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Table 4- Percentage of presence of the parameters in the top ninety hybrids models

) >k dod Il N2y
Row Parameter Symbol  Percentage of presence
1 Wl ik ol X, 1086
Mean annual precipitation
2 Sl o oeile Xy 1655
Mean annual discharge
Outcrop of erosion sensitive rocks (%)
4 colus Xs 1271
Area
5 cho! calyl Jsb Xs 13.26
Main chnnel lenght
5 _.401 alyl alsb cs X, 276
Main channel gross slope
7 3eslS e Xy 7.8
Gravilious coefficient
) LA‘”‘ d‘“‘)‘f‘ 635)0%3‘3: o po o Xy 9.22
Main channel meandering coefficient
9 4 bougio X 239
Mean slope of basin
10 4> b ) X 1.29
Mean elevation of basin
] - . .
1 el piSay 5l X, 8.47
Channel draining density
12 anlyl sy Slotil Xy 5.34

Channels branching coefficient
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Introduction: Soil erosion and sediment transportation decrease water resources, and cause many social and
economic problems. On the other hand, sediment transportation by rivers causes problems such as water quality
degradation, reservoirs sedimentation, redirect of rivers, or decrease in their transportability. Therefore, finding
the proper methods in sediment yield study in watersheds is essential in planning and management of land and
water resources. Climatic characteristics, physiography, geology, and hydrology of basins are the most effective
factors in producing and transporting sediments according to several sources, but the role and impact of some
factors are more pronounced than the others in different areas. As a result, the objective of this study was to
investigate and identify the most important climatic, physiographic, geological, and hydrological factors in
several watersheds of the northeastern part of Iran, by applying Gamma Test (GT) and principal component
analysis (PCA) techniques.

Materials and Methods: In this study, the data of discharge flow and suspended sediment concentration,
and daily flow discharge recorded in 15 hydrometric stations in Mashhad and Neyshbour restricts and required
maps were provided from the Regional Water Company of Khorasan Razavi, Iran. After drawing statistical bar
graph period of suspended sediment, daily discharge, annual precipitation, and relatively adequate data, stations
with the longest period and with the lowest deficit data were selected to determine the common statistical
periods. Therefore, in this study, the time period of 1983-1984 to 2011-2012 was selected, and the run test was
applied to control data quality and homogeneity. Then, the most effective factors of sediment yield were
determined by principal component analysis (PCA) and Gamma Test (GT).

Results and Discussion: The results of the principal component analysis showed that 90 percent of the first
five components justify the changes. Among the factors, area and gross gradient of the mainstream from the first
component, the average annual flow rate of mainstream, meandering waterways of the mainstream from second
component, and drainage density of third component were identified as the most important influencing factors on
suspended sediment production. Ninety superior combinations of 1500 proposed combinations were obtained by
Gamma Test to evaluate the effects of each parameter on suspended sediment yield. To determine the order of
importance of the entered parameters, first, Gamma Test was performed on all 12 parameters. Gamma values of
all cases for each proposed combination were compared. The results showed that the impact of these statistics
was lowered by eliminating high gamma parameters and the removal of low values. The data analysis revealed
that the low levels of gamma and high accuracy of ratio to find the desired outputs from entries. By lowering the
gradient, the complexity of the model was lowered and more suitable model was provided. As a result, high
levels of gradient represented the complexity of the final model. The results of the percentage values of each of
the 12 variables were considered among the superior equations for estimating the suspended sediment
composition. In this regard, the mean annual discharge, main channel length, area, average annual rainfall, and
percentage of the outcrop of erosion sensitive rocks with a total of 63 percent of the proposed equations were the
most important factors affecting the sediment yield in the study area. The average height parameter of area, the
average and gross slope of the mainstream had the lowest presence among the optimized compounds.

Conclusion: Based on the results of the principal component analysis, the two factors of basin area and gross
slope of the mainstream were selected as the most important factors affecting the amount of annual suspended
sediment load, respectively. Based on the results of the Gamma Test, 12 main variables affecting suspended
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sediment load were identified and the effect of each of them on the production and transport of suspended
sediment was determined. Based on the comparison of the results of the two methods of PCA and GT, it can be
concluded that if the purpose of research or study is to prepare a model with the highest accuracy in estimating
suspended sediment load, the 12-variable model of GT includes factors related to physiographical, geological,
climatic and hydrological factors are suggested. However, if the preparation of a model with appropriate
accuracy and a limited number of input variables is considered, a 5-variable model derived from the PCA
method is proposed. At the same time, if the purpose is to prepare a model with the least input variables and their
easy access and calculation and initial estimation of suspended sediments, a bivariate model (based on basin area
and gross slope of the mainstream factors) resulting from PCA is proposed. According to the results of the
present study, it can be concluded that the study of more parameters has provided grounds for evaluating their
importance in sediment yield. Finally, due to the correlation of many parameters with each other, a limited

number of parameters that have a more important role in suspended sediment estimation, were selected. Another
finding of this study is the increase in the accuracy of the sediment model’s preparation due to achieving more
important and effective parameters in sediment yield and identifying them in order to investigate the best
sediment management measures in watersheds. It is suggested that similar research should be done in other
watersheds with different conditions in terms of climatic conditions, topography, geology, and so on.
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