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Morphometric Characteristics of Wadi Koysenjaq Basin In Erbil
Using GIS

Asaad A. M. Al-Hussein Abdulrahman A. Yahyaa
Dept. of Geography
College of Education
Al-Hamdaniya University

Abstract

This study aims for building a database of the morphometric characteristics of
the valley of Koysenjaqg basin throughout the analysis of the digital elevation model
(DEM), using a range of geographic information systems, such as (Arc GIS v. 10.3),
(Global Mapper v.18), as a means of measuring raster, linear and areal elements. They
integrate together to produce a large number of variables and morphometric
measurements. The study has adopted digital elevation model data accuracy of
distinctive accuracy (14) meters in addition to a range of maps and satellite images.

The basin is located in the south east of Erbil Governorate and has a small area of
about (549.56) km?, with a length of (34.26) km and long Perimeter compared to large
(133.92) km. The basin has characteristics of different morphometric features as a
result of the different climate change, geological nature, morphology, and
characteristics of the soil, which indicates that the basin is at the beginning of its
geomorphological cycle. The quantitative analysis shows that the value of the
elongation is (0.68), circulation is (0.38) and the form factor is (0.46). This means that
it is rectangular, and irregular in shape, and it obvious from the study of the
characteristics of terrain that the value of basin relief is high (28.27) m/km, and passes
in the early stage of maturity according to hypsometric integration value. The study
shows the characteristics of the drainage network in the basin consists of (433)
tributary distributed (6) arranged according to Strahler classification with low-density
drainage (1.13) km/km? and stream frequency for basin (0.78) stream/km2. This
indicates that the number of tributaries of water is few compared with the area of the
basin, so that the basin was not exposed to floods.

The study recommends the use of more geographic information systems in
determining the extent of seasonal drainage of the basin valleys in order to control the
future flood risk, and good planning of the investment of these valleys in different
fields through the construction of dam at the end of the basin for the purpose of
harvesting water, and conducting morphometric studies compared to other river basins
in Erbil Governorate to understand in detail its morphometric properties.

Key words: Geographic Information Systems (GIS), Morphometric Analysis, Digital
Elevation Model (DEM), Wadi Koysenjaq Basin.

dadial)
Glahal e i e Qlailly claldl) e A0 Ajieghysd) Sl cdll
Glleall oK Qo) Gpaal @aly)) Sy cAupgill GRlal) dalpy Jae B dald Laglelisagal
5 (Horton, 1945) Gyl lexie @y ccppdall (pall Chaite M Lygill SN Linglgd)sagnl)



17 e laglaall alai alatinls Juy) —gaiu < (saly (mgal Ljiashyoall (ailadl)

Cun (Ald) AGally dugil) alsa) 8 Linglodysaguall lileall oSI Judasl ) (Strahler, 1964)
Ay sty duygill a8l )l Cavia iyl Laaty (Strahler) s gl sl Nl Caiaty (Horton) A
Saa A pailadll e SIS GeSan LY touaslsonelly Conslsysasall alaals Ll (il
0o o WS pailadll (e Ly s oaolonad) CuS5illy Lodsjuail] 8Ly (asall JSag upad (0 pasad)
Walling and ) ol disan (o) uaf dald daglyingd) cbusiall s gadlaiul DA
Ll (3 daga laslaa (o dueill (algadl dujiaghypal) ailadll (ggias 85 «(Gregory, 1968
.(Singh, 1992) (alsa¥) sda (eun a3 dumglghiagally Lagls el lleall auan Y layskig
salsnY dsiashsall Claglely Gapliaill Cilide puil sl ddhaall cilagleall alas L s
Kuldeep and ) Zs\<a) cilosbeal) Jadaty dallaal 458 81y 4350 din g g dilll (alsaYly Cayall
-(Upasana, 2011

A ) Caagay cdudall dilaies dnslsdysasaall Jallall 5 (e WalSdy Chupeaill (mlsal aa3g
4 8i5al) Jalgally Gloall Jaaiy el puailly dpnsy)lailly dalisall lguailiad 48y

PN Py

O fiastygall pailadll (At Jlae 8 Aaal) dail Gyl A8l b il Lneal Siaw
gl @ s cdjiaghysall Cluldll e Wpey Sl Gasally Gloall eladly deill AAN pass s
Gl e ST dByy i sga Ly i€ (ols sl Aufieghysd) ailadll daldll i)l
ACall A3y & ieghyse (Database) by s1elE by 8 duhall gocage Laaal b La ey Dol
Al Gils ey gl lileally Jlaall Jeall Legalksiy I agally @86l ybt5 (mgall 3 Lyl
bbbl e gl dal e Cuyaill s e oli) (B djiashygal) Cililul) o2 pladiad
Slfiee 85l 5UaeY) Jagiee acdsa

Lgdlaaly dubal) e Al

i Gllel) 282 3 Epant) by Asload) iyl Calig Aa€ 8 Auball (e B deam
A luld e Jgmall 3 (DEM) L))l clela ) z3lais (GIS) Ldhaall clasted) ol 3
Ljiashsall pailiadll A48 Clagle 830l oliy aa cgng <y JIb BaiwsS (ol asal Ayl
Glabill odgl dadal Ayl LAl (e desene oAl & Gey pasall dgill AQAEN (ailad,
cGbleally

tab Lo 3ad ) Al Caags
Ayieshysall leaibad duhal Bt (galy (asal (6gdll Capaill A0 ¢ Uiy apaas -]
Glosleall alas Clinay ahidiuls GaiewsS (gals pasal dalaally dphally kil (ailiadll 2y =2

i)yl

G S (gl pasal djiagdysall (ailadll ilily s2c B ¢y —3
Aaslsing gl pailadll (s lehays Wty el Gagall dudaje ablie dac —4



Oeen 1 dlae daal 2l 5 an anSlh e Gesll 2 18

Glaglrally clibadl jalagy Al dagia

g WY z3ga Slly dulss S (Analytical Approach) isall mgiall e duhall ciadel
ld dadhe gl ddayla ¢hihall (e deganag ¢p (14) 28y (Digital Elevation Model, DEM) )l
odbiie cld (3hall Lnglsan dda)l34(1000000¢ \1) (psbiie cild Blyad) ays ddajlag ¢(100000\1) (seliia
obie @) (2018) 4uwd (Landsat 8) eliall el (e diladll ciliyally (1000000\1)
oasnll &jiashysal)l Chusiall Chaags 7 hatuly coaball (gall (ailad aual ¢llyy ((1000000\1)
Aalial) dojiaghysall chdgall Gubd 2 (apell AAl Gallaady Al AUSAN (dalll)
b il ely Cuadl dahaie Caguia ¢pagall Jishls Jauna cdygs Aiye S (& lasll 2xe cadlgy)) Jlghal
Y aladll paas Gada 8 @lld e 5 (ArC GIS v10.3) zalinll DA (e Bpalae (D) 4iyg (asal)
Bl G Liads pagall djieghysall pailbadll Jilas Cirgy clboxiall djiaghysall dusby)l
Sl Cayeaill AGs JSaly Llaly dsagiyeddl pailadd) dilai (b dusalal) Glaad) Gae
(Global Mapperl11) s (Arc Hydro, Arc Map) gl Jis Libas¥) @ilag g dalaial) & paiallg
-(Microsoft Excel)

L)) Aihaia adga

Jujf dlailae Kpe e 2ay ol Aailaad Lyla) Zaglill 3aiin o€ pliad (paua Al didaia o
amyes oS (34.41) alshy oS (133.92) alusay 2aS (549.56) Lmsall dalus aliy oS (40) Non
e il dBya (44°23'31" - 44°42'58") Jsh hd gn WSB yaaus oS (15.97)
(1 J<2) Yl (35°49'41" - 36°09'27")

44'24'0°E 44'32'30"E 44°410"E
£
5
£
2
g 4 I
e s
3 8
z
5
-
8
40°0'0"E 44°0'0"E 48°0'0"E
43°300°E 44°150°E 45°00"E
z
] g z z
g 2 g 3
d ® 3 2
a F 2 8
z z
s s
HE 2
8 g
CABMaL 3 gaa
R
; b B Y giga z
2 High : 1261 gy || ©
8 He
a Low: 288 || &
15
KM
—
44°24'0"E “'3_2'30’5 44°41'0"E

Ayl it pige i Alayla 1 (S



19 e laglaall alai alatinls Juy) —gaiu < (saly (mgal Ljiashyoall (ailadl)

dupl) dilaia daaglgan
ool 63y ¢ el yemall il n AipiSa Tinslpan (oS5 D Luyall Zilaia pasn dagh

t VIS EaaY) ) Tee 2389 (e g

Injana Formation :4ilad) i -1

la calluy «(Bellen, 1959) (Upper Miocene) eVl cpawsladl 1 cosSill 138 jee 3
@l sl yea¥) Al jaall (Lol jaall) el clis 3 Glusay o Lulad e o<l
.(Sissakian and Yukhana, 1979) » (200 -150) ¢ cpsSill dlaw mghing ¢ udall jaal)
Mugdadiya Formation :dsslaiall ¢ -2

«(Pliocene) cussdl ) (Late Miocene) _abidl cpaglall (e cpsSill 138 jee mglin
Ol dpale) lugall o8 paan GsSI ¢ Julall jaally Al jaally guaad) Lol aall e OsSg
.(Sissakian and Yukhana, 1979) » (1000 -400) ¢ 4Sew zglfig
Bai Hassan Formation :gmsa gl (1S3 -3

Bellen, ) (Pleistocene) guuwsiwdll ) (Pliocene) cuwsdd)l (e cpsSill 138 jee =gl
(gl ol anlly sas¥) bl jaall ae doglinal S (e A dida e (5Sg ¢(1959
.(Sissakian and Yukhana, 1979) » (2500 -1000) ¢ 4<ew zglsiss
Quaternary Deposits Sl el Sl -4

Ghliall Ganss 3aiwsS dbse (e Laldy ddahall dahie (e uae ehial Gl o2 Jais
038 jee dgmg . Jall gaill e oWl paall lbiap Hians o(Bapeer, 2011) olagl (e dusal
S sl clbuply Jidsiy ((Holocene) oueslsell N (Pleistocene) e sivadld) o o sl
o3 dlaadle s Ay ¢phally ually Jafly oaandl (g dugliia Sygear (5STy Auilaie e b aam
pasall cuas e dujdll ghlidls glasl calss (e sagaaa 3hlia 8 il il

(e oy saa (i aa (D) A5G dpgell oaall Al ddlaie b ydnng
& Bl 058 Al (Gl cdiganll cdopaill) Lmslodysasall Clleall lgnses s jsdia Ay
0o Lty Cpeaill A4 (KA Cipeaill ABES Ganll dalue o dibiall Lasles S5 (passd)
gl Ljaghypall Gailiadl)

(JtaaY)) &L

IS o il ey pabe IS8 Siss «oeil pUail) 8 855l daulu) ualiall aal Ll e,
Laslshysasonll ilileally Lpeil) dupaill o € IS0 et Allg ¢ Slall ellazlly Al Lanslgaal) (e
Cial cwn Jasgiall el #le et (mss atng o(Pareta and Pareta, 2011) (asall 4
3 @A) B g pasadl b Al U e s (1990 ¢ Shaludls bl (s
Glelayy) qaliy (2 JK3) (2017 ¢ Lal @bl ol (613-470) o e (grlhaal) Jadludl c¥aze Gl
el s 3 Auliia clelinV) o2 (5S5 ¢ pmsall o Al jUaaY) daaS i (8 DS Tyga Ll



Oeen 1 dlae daal 2l 5 an anSlh e Gesll 2

20

glin)) ol ol Al (3hlie o iy Gagall el (2 jail) mhav (sgin (52 o (951) Lol g i)
(3 JKE) pasal) i (e Al shliall 8 el mhaa (S5 (358 o (400-290) o L !

44'29'0"E M'G?‘O"E 44'4(_)'0"E
3
2
L)
=z J
5 L
© o
s 8
-
{
[§
by
§
¢
= :
& :. £
=k 8
w |t 2
b w
3 A s
| e aelaa
199 - 470 \;,\,‘:» a i {;::
627 -499 > )
el | R e z
3 et
@ Jpes - 556 B o 3
9 |b13-585 @~ o
M5 225 0 45 9 =
()| ;
44°20°0"E 44°30°0"E M'Q{)‘O'E
)l dahaie A (gyhaall Lil) 1S anhgn dapla 12 J<E
44°20'0"E 44°30'0"E 44°40'0"E
| i W Nl g N
Al gl (o gL NI Gl gl A
z ol
ol o
o &
© S
z z
i 3
B 3
)
3 2
a2 )1 £ Y 73 5l
@ 290 - 400
410 - 480
= |5 > 490- 550 Z
o | s60- 640 =3
€ )
?l: {5 650-770 0
n
) :
@ 780 - 950 5 10 KM &
P >osim e

44°20'0"E 44°30'0"E 44°40'0"E




21 e laglaall alai alatinls Juy) —gaiu < (saly (mgal Ljiashyoall (ailadl)

Aoy} ddaia duyi
o Aulie Bgea dejse il o glel BDE a5 Y cgmeall Ll el (4) JSE) G
e (%090.22) sl el Jaxsy Jawally Javssiall clecdl @ld &y 45 J¥) gl Jiais ¢agal
ol (e pra daliae aity 4aall AW dugi oy Sl pe Jgugilll dp o (SBD gilly cdinli
el e B dalie iy dnaall gesll cal¥) g Jiad G gl Wiy cdinlua (o (%5)
(1) Jsaall b mmse LSy cainliss (g (%4.78) sl

Al dalaie Gy pailad 11 Jgan

2aS dalul) % dagiall dacdl) iiall <
521.78 90.22 Jaally o siall el 3 Ay 355 | 1
27.61 4.78 Bl gl ol A 3
44°24'0"E 44°35'0"E 44°46'0"E
%
z z
° )
©1 o
3 8
z z
3 2
ol dilial
z M|,h~,w|m‘alii._ﬁgi.,j' >
5 _ :
21 ot g desit) 15 GO 19
a A dilia b ey 0l ) Yy 38 -
0 25 5 10 15 KM
44°24'0"E 44°35'0"E 44°46'0"E

sl e ol Caliaal gy ddajla 14 JSal



O U 235 2ea) e

)

&> aoSlh e Gasll e

ol g\baall
g 535 panbaailly Aalial) Cagylall 3 Afias Bpmads alse 5aed LulSa) il elaal) 8US5 £98 ey
e g (Greenbaum, et. al., 1998) (sl & sxilad) Laall cldee o Sigy a3 WS il
olaal) cujedt LB (B agun WS ((Yair and Yassif, 2004) (anll 4 abadl glyslly @l d.S
o It Al 83liesS Jany 43 Al e el Gadal Cibasl g Bl Jala () SUaaY) (g ddaill)
leakaus Jaa Laa (2 Js2a) (Sl ellaall Al 3aiews€ (53l pass ey cade [Uac¥) Lagien sy
DY) 8 el s WIS 6K Sl sladll of (5) JSa) (e sy Akl Aupetll ililand Tumiens
oo 05S A (Den 0l 055 uaal) slatl Loy Jag (Leiipad) Ghliall) Gyl asa g Ll

cla V) e Bl ant ) Al edalh ld Blasl s dasdl jsdall il (glia

22

248 daliual) % Aigiall Lonsil il &
0.59 0.11 ERE R, 1
266.90 48.57 laa By ol 2
272.16 49.53 By il 3
9.84 1.79 age bl 4

36°6'0"N

35'59'30"N

35'53'0"N

35'59'30"N

35°53'0"N

coasall 8 bl elUaal) Z86S A s 15 IS




23 Gilagladl)

ol plasials dio)) —aiassS (5ol sl dsfiasiypall (ailadl

dddlially gitall)
Lalyll gl e alde¥h @l oS aly (sl Dijiashysall pailadll Al
((3) Jsaall 8 Bagasal

Al 8 deadiiaal) dofiaghygall ¥ aladll 13 Jgas

(a.\

SI.

Morphometric

No. Il Parameters Formula Meanings of symbols Reference
. : _ A = Area of the basin (km?) (1976)
1 | Elongation Ratio (Re) Re =VA/Lb Lb = Basin length (km) il o
Pi= ‘P1’ value i.e., 3.14
. . : A = Area of the basin (km?) Miller
—-A* * 2
2 Circulatory Ratio (Rc) Rc=4*Pi* AP P2=Square of the perimeter (1953)
(km)
_ 2 A = Area of the basin (km?) Horton
3 Form Factor (Rf) Rf=A/Lb Lb2 = Square Basin length (km) | (1932)
Nu= Total no. of stream
segment of order ‘u’ Strahler
4 Bifurcation Ratio (RDb) Rb = Nu/Nu+1 Nu+1= Total no. of stream (1964)
segment of the next higher
order
Nu = Total no. of stream Horton
5 Stream Frequency (Fs) Fs = Nu/A segments of all order (1932)
A = Area of the basin (km?)
Lu = Total stream length of all Horton
6 Density (Dd) Drainage Dd = Lu/A Order (1932)
A = Area of the basin (km?)
Cl = Length of the riverbed Schumm
7 Sinuosity Index Si=Cl/ Xy Xy = Horizontal distance of the (1963)
riverbed
H = Total relief (Relative
. . _ Relief) of the basin in Schumm
8 Relief Ratio (Rh) Rh =H/Lb Kilometres (1956)
Lb = Basin length (km)
. . _ * P = Perimeter of the basin (km) | Melton
9 Relative Relief (Rhp) Rhp = (H/P) * 100 H = Height difference (1957)
Dd = Drainage density Patton &
10 | Ruggedness Number (Rn) | Rn=Dd* (H/1000) e . Baker
H = Height difference
(1976)
11 Hypsometric Integration Hi=(h/H)/ @l A) (h / H) = Relative height Strahler

(a/ A) = Relative Area

(1952)
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