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1- Digital Elevation Model
4- Shuttle Radar Topography Mission
7- Split and Merge

2- Arc Hydro
5- Segmentation
8- Watershed

3- Hydrology Tool
6- Region Growing
9- Watershed Delineation
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1- Catchment Basin
3- Light Detection and Ranging -Lidar

4- Illamanga

2- Geographic Resources Analysis Support System
5- Sediment Delivery Rate
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Figure 1. Geographical location of Yeke-Chenar basin on the map of Iran and Golestan province
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1- Connectivity Index

2- Shuttle Radar Topography Mission
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1- Single Flow Direction
3- Multiple flow Direction
5- Flow Accumulation

2-Random Direction
4- Stream Tube
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1- Zonal Statistics

2- Flow Length
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5 e Ui 1) (&) el add 9> 5Lkl 5 S5
odid Juols Bolay jsbdy alols ¢y sad o bl
Cwl

__ P(A)-P(E)
K= 1-P(E) R
Iy S i 93 o (Slodalie s oo P(A) ol

.,\.m.)un

1
P(A) = - -1 Dii (V) sl
P(E) = %Zf:l Pir Prj (F) sl

9 w"‘J Oy 3_i s 53 35290 Jobo Pij 358 dlai, »
o Pl Casl T ppgtan 5 o 1> 29290 Jslo 55 pil
P bdehe (led e Prig 1 ) > she (oles
M N Ll gyt adids jd (M slawd € Ll g
Skl sl A0 5l i cupe o5y sl ladiged
dayly e s Sy (S co b Cal b sl

Y (x=x%)(y-y)

Y -02(y-3)? (8) o
e P 4 Y 5 X o) (Starer Glie 1ol

9 Jol g3se yite (e pdlie Jg Xg pgd 5 Jol (5340
e il caqa 12 5 1S Jas cYolee po.Cuwl pod
33,5 oo oolial s alal, (g bline

Jso Covo sl o)
By (s dy90 0 Sledbl Jols Uas s yilo
Canbly S e oluly L;llfs Ol 5 (il Jso
(lodbo il plon) (Gupiy 9 e Bl lpe
sodls b Y?‘W’ slobols gmen S L lessly el
Sybe i)l gl So o A aE 9 ol
oy b Jao glaoaly s uple o oo )leay
b mple ol B ol 52 0,5 o dunlie oadisuindin
il ol JuSy ol clie WS 9> abld oo
l) u.lf Cono ‘de..g MQT Egomo 1B 0 UL.» |) Cawyd
oiles 1) balles (Lol i Gl e ol WS o ol
pIY S o €8 @58 (NgSe (o sl tRde
23,5 odlatul wl)sl ulbs L;.,,Lzz,lS ks 5l cwl
P gPee s & plbdige o @l ol sl
Cuol by sladiges JSa wlad S 8 WS
).»oL\.C c)iiJQ)Lsdg c(JJJuf: Bl Touo U"W )l ‘C:él?)'))
» e Gl Sy o dol jlad gl e A,
L g hals slas 4 & wlad, oo d)'L:J.Le b
& B ] Bgyme dlby o
)la) s> ) |ﬁ) '39""@ oJ.t.al; o,&Mfc\i.e‘J N sJ.gluo
03> Cuns oo SleMbl WS & diged pl oaiiSans
03l )13 (5,500 M o 1y ol (slaibly Jao Jg g 0
S s dos iy SiSe ) e ool
039).9] )l ol duab séﬁb)) as WLQ) )l )i’.) ufu
e8> a8 o0 5900 1y sgrie S 3 Bloyet JuSy 0
G Sy oliw cans (il glas geie) ul8
oloa sladuSy U5 5 oW o Canyd 025 (gilo e
38155 LS o ylol ol ogMe (V) Cunl Jio aids j> oMS

Casd & bl cpl oy

1- Ground truth
4- Exclusion

2- Omission
5- Producer’s accuracy

3- Commission



\ice S DMl wlols 53 (it o) b sl 039 gy Jis78 Capmd 505 dpulme ) dualis

2 e oo lp (el lad cpyiie O oo
Oimad ol 0335 A 5 ¥ o)les 035> ASTER-DEM
2o g gly il e i
ol Sl BB 4 el WY o )lad oj5> ASTER-DEM
P 35 pl @l Aied Jiwe JolS jsbds beojes
5 gl bawg saiojs> 3 48 Sploxl Clllhe L auslis
b b Bblie )3 &Sgysbay ) Slyen (V) ) Sen
i ) oje om S Sl ol 38 Jue ob;
Uhgy e oo 0dd s 55 a8 i b gble 0 uled
oip> Sy jpe ey (2bi)l wien nl ) erdolsl
ool Cawddy don Cawl ola)l oo8) Jio slue p jucl
By sbdie cedS 4 gl g cow yly
soul 0o 0 (V) ohed g sdenl o)l (S o)
Ot cmslis ASTER DEM oS 550l L 5l 3,56
P oul edgde  (gdnjpe dgds i slp b,
2 Sgba cul Jlgenl 5 W5 acwd b obaglSe
ul edgame (0,8 asuie iyl 55 clalie b
21 oyaS clalas ASTER-DEM (claosls it

ol 02l L i gy b duslie

gyl Jheo b Sphjlaas ol oje (slaoj
oiles 4 ¥ USS 53 (ooleidin b9y Billae (siojg Je
UP9) LQL’)T Glisjype Couo oy Slp Gl sadarslis
g M e A Al plgsa (cem 55) (e
5 IS Cd e ad ot bl ple o] eluly
Wl Jho o3l it Jao siojes sy LS e
Gy g A 5 dop AY g GASTER-DEM
iy 4 SRTM-DEM ol ie Jdo (gdoje>
) Jgts a5 cul odelcumsa +/AF 5 oy AF/Y
odd ooy Gisles 1y duljdl o ials glled 8y polie
d)Lo] YRS d)l.)l;m pis .39?9[3 &S ol )Saublw L
PR gleje Jhe gabeje Jae glgl
bbdjl cdy e (g sieS 0 0gMe ASTER-DEM
¥ 0je> 55 ol 00 ol )l%.) l.{zso)9>);) Cono SS9
Sl pal oyl 4 ol 03,8 35510 ¥ 09> 5 cawdYL )
ol aBS Sygo bowe  ywo dp9lp > ol
€83 o598 oo sl (2o abal e 9k Syeba
S i i Blln s 28155 a8 LS ] S
P 098y 0 glus p gioje Jde gly il g

56°5'E 56°730"E
A h
L { /
- . -
i K T ~L>/
. . )
|, )
/'/ \
2 e ' y
L 15 z
-+ L2
5
7
13 ’
4
1
B z
2
1 &
"\ o g
R (GCYN S NI
. (% ASTER ccsr
(=% SRTMsscss
T T
56°S'E 56°730"E
0 1 2 4

km

S35 o 5 (@) JS$5) (twd gy gt 38le 5 lame 3 S 51—l oS sl 0o 500 —F S
Figure 4. The boundary of Yekechenar Watershed bydmla_nual method (based on Google Earth) and automated
modeling



\ra'

yyay O\J.m.o)' 9 )»b JAYS a)l«f} /W JL» ).oul 0jg> Cu pdo AAM”J

SRTM 5 ASTER (2li5)| (cag8) 03> slue 2 (sabojorr Jaa sl duoyd o (olljBl g (ol (gllas ppolis =) o>
Table 1. The omission and commission errors for watershed delineation modeling based on ASTER-DEM and SRTM-DEM

SRTM-DEM e ASTER-DEM Js»
0)9> o)lmf:
sl gls oilal ollas sl slas sll38l gllas
\iie A7 As AR \
A v/ Va/o g Y
\Ar/d a/o IN\Vid ya/y Y
YIY Yy \Yeid ¥/¥ ¥
\ile Y £Iy a/a N
Y y/o A% \iie b4
£ WA ARVA\ YN \
VA Va/¥ YY/A Va/y A
M- £/ ARYAY ¥Iv a
YI¥ ¥/ A% £/ \e
£/ % YI¥ YI¥ )
Y/IA Y/ VeIY g WY
»n/y Va/s YN v/ \\s
o/« yIY YIv Y/ VY
¥IY o/f Y/¥ \id A
o/ o/« y/o Y/¥ e

awlio b 1) 50l 0jo> (canjpe 3aid ol 5l sdelcwnda
o5y o) slbodls 45 3,8 ol 4 03,8 o)) pS m
;dl))L\) ‘ol )0 d‘); u_m:L.n o3> SRTM-DEM
o5y o3> g LS b ganpe pasds S5 o)
o W o iblS Jlusl glas &Sl 5 egMe (580
o el il e 6)13},:5?] Sldllae jd (a3l

Ky )89 gul 05 Sye e sl b9

oy lo 2 M. ‘Q:’.l d9>9 Lofcwl sais
buwg b e (asuis 0 sled oo )b s Jleis!
onlio SRTM-DEM (slaodls I ooliiwl b ,8545 (g500
I e eyl Bln WS ups g €y Sy i
4 .l ASTER-DEM  slaodly p ite Jso

Sy ook oy D gy el J o> Lawgia foxe i) S| 5 L Lol ol s Jobo P ojso Lo (sla i) =Y s

Table 2. The values of watershed
elevation of watershed an

d

Splagm ke &6 ey 1o

erimeter P, the flow length of mainstream L and the difference between the mean
outlet D in kilometers for sub-watersheds of Yekehchenar, the Atrak River

G S5 — s s 0 Je

SRTM-DEM){ (R (£ 0)9> J..\A

ASTER-DEM ; e (ks 0jo> Jie

L P D RU L P D RU L P D RU i eied
YIA ARVAY /Y0 Niid ) AN Nite -Jo¥ vio \EIY Nite -foF \
YIA \WY/o AR Nite Y/ Y4 AR <IYA i AR QAR DALY A
Ve A/« ol <IY0 N o/A /¥ AR /A ¥Iv DAY <o Y
Y vIY AR <IYA \7A1 A DAL <IYA YIY sI¥ ALY An4 ¥
Y/I¥ Mo AL AR Y/¥ A DAL <IYA YI¥ N¥ ALY <IYA )
a5 a/¥ Ivs o If- 4 W/o Nite NAre oy WIi¥ Nite Nare 4
V¥ i ol <Y \Vi4 o/« o[-0 \Y V¥ YV o[-0 ALY \
/A FIv o[o¥ <A <IYA Yio [-¥ AN v Y/ [-¥ AN A
\7A VY- AR it i V- /0¥ <INy <I¥Y Y/ viv <INy Nirg a
v/ Yy .[A DAY A} NY DAY AR \7A! B /A <IYY Ve
o/f \WY/¥ ¥y -[0d oy WY Bins -loy o/f W/¥ <INy -[o¥ AA!
¥/ £ RAYN I¥¥ Y/ A% A ¥y Y/ a/A DANG <Yy WY
DAY ¥/o <[5 DAY DA\ Y/A o[o¥ AN A YIv DAY <IN¥ W
¥Iy \el5 <IYA N ¥/ VoA IYY AR ¥/\ W/ <IYA -loy \\s
\7A \0% AN AT Y/ NA DANS DAY \7A) NA AN A A\
¥Iy VY- <Yy <I¥A ¥Iv VelY - Ivs DA ¥I¥ W - Iys I¥Y \Vd




VEA S DMl wlols 1> (it Gy b sl 039 gy Ji378 Capmd 505 dpulme ) dualis

RO RSV OWEPRY RYAY RO I
B sbodly () )3 35 gy JigoS S e
sodly e J jl i SRTM-DEM .68,
sy dol mls (piomen .l 0399 ASTER-DEM
O B p e b b s gy Cod
o oyl @uls ol (0 JS5) caol +/AA O] Oyt g pu>
§ e ygbdy Wlgi e oa] Cliing & wloye
(5599)0p i gly SRTM g ASTER (claosls
S99 b 35S eala! 1) u.cl.éj’) Slallae 9 wo’l)l dﬁ)lf
ol 03 Wl =", 858 550l 0 3 (F) olSen
NIy Cluogad 4 by (pl &5 Cul 03, +/0 L

Bl (N dsg>

0.6

0.5 ““
2 04 |v=0.9739x -
=) R =0.988 o
< 03 .
0.2 e®
(%]

0.1 e

0 0.2 0.4 0.6

ololy Oy bt G Joo dunbre ol (pizmen
eyl Ml o L Lol olpl oo Job P oje> Lo
odl> Zo L)"““")’ Y J9A> JEl ).m}L; s> D Ja.w}m
U49y 5 SRTM-DEM ASTER-DEM _clis)l 008,
Ltbu] u»l.wl): Lol 045 030> uwl.o) (W—Jf;) (s
235 o e gy L1928 S (e
e Jo 5 lowgia glis) BMS] 453 & a2 |
i sty (olod Sl colis Lol anlyl
cle & Cowy oo S Ol OB )l 5459
5 4 Laouis & Cuwl poul gbejes bz > OS]
Gl Jao g ol laoje 51 pm 5 ol Jllas
polde ,iSlas g fBlas 33,8 o 050 lazwe )0 glas sl
SES Jae ol Cguy oS Cond sy lawgie
«uiy & ASTER-DEM odby p oo Jto lp m
iy 4 SRTM-DEM o3ls s ie Jdo /0D o +/\Y

@ o — U5 s gy ol olie g /OY 5 H/NY

0.6

0.5 y-=0.9667x ',0’
2 04 R2=0.9539 _ .-
o ‘.. .
é 0.3 ..
n 0.2 o
< o

0.1 o®

0
0 0.2 0.4 0.6

135) ) IS5 il b s o sy i s b (53905 y50) JS255 o sy o8 s olinn sl =0 S

Figure 5. The correspondence of sediment delivery rate acquired using the automatic model (vertical axis) with
manual model based on Google Earth (horizontal axis): the dotted line shows the regression line between them.
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Abstract

Determining the sediment delivery rate and watershed delineation is among the first stage in
environmental research, especially in water erosion estimation. The determining the accurate
boundary of watershed is important for the hydrological and morphologic characteristics of
watersheds. The study aims to present an automatic extraction model of watershed delineation
and calculate sediment delivery rate. The traditional method of determining the watershed
delineation, and subsequently, calculating sediment delivery rate is é)erformed manually that
using a topographic map, the boundary of the watershed is determined and main flow length is
calculated. However, nowadays due to the advancement of digital analytical spatial-based
methods in GIS software, automatic delineation of watershed is feasible. For this purpose, the
errors of digital elevation model are removed. After calculating the flow direction, and flow
accumulation, watershed boundaries can be determined having pourpoints. Then, sediment
delivery rate is calculated by local height of watershed, its perimeter, and flow length. In this
research, the digital elevation models of ASTER-DEM and SRTM-DEM are utilized to design
watershed delineation model and to evaluate the overall accuracy and the correspondence of
them, so the border of watershed is delineated using Google map, which is used as a ground
truth. The findings of this study show the automatic extraction of watershed boundary and
calculation of sediment delivery rate do not have significant differences with traditional mothed.
So that, the overall accuracy and Kappa index of the watershed boundary based on ASTER-
DEM are 93 percent and 0.92, respectively, and their values for the watershed boundary based
on SRTM-DEM are 94.3 percent and 0.94, respectively. The correlation coefficient” (r’) of
(E:)allzcl\t/lllate(gjgsediment delivery rate based on SRTM-DEM is 0.98 and its value based on ASTER-

i 0.95.

Keywords: V%/gitershed Delineation, Digital Elevation Model, Sediment Delivery Rate, Atrak
iver
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