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ABSTRUCT: 
 

The study performed to show the ability of information technology to build up geographical data containing 

morphometric parameters: Basin area, basin length, basin circumference, basin shape, basin elongation, relief 

ratio, drainage texture, stream length, stream order, and bifurcation ratio in addition to hypsometric curve which 

reflects time scale clarify the erosion stage of the basin, also comparing the results of Arc GIS program with 

manual calculations of the basin lies northeast of Mosul Lake to the north of Nineveh city, all these variables had 

been calculated using manual and ARC GIS 9.3 software using digital elevation model(DEM)with ground 

resolution of 90meters.Stream order maps had been produced by the two methods that showed 6
th 

order basin. 

The percent of difference between the two methods shows that GIS method is more accurate than the manual. 

The results reflect the capability of geographical information technology to make accurate and fast calculations 

for the morphometric parameters. 
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 الوستخلض:
 

أخسَج اىدزاست لإظهاز قدزة حقاوت اىمعيىماث ىبىاء قاعدة بُاواث حخضمه اىمخغُساث اىمىزفىمخسَت واىمخمثيت بأىمساحت 

اىحىضُت,طىه اىحىض,محُظ اىحىض,شنو اىحىض,اسخطاىت اىحىض,وسبت اىخضسس,وسُح اىخصسَف,طىه وزحبت اىسافد,وسبت 

مقُاس اىزمىٍ ىمسحيت اىخعسَت . حمج عميُت اىمقازوت بُه وخائح اىطسَقت اىُدوَت اىخشعب,فضلا عه اىمعامو اىهبسىمخسٌ واىرٌ َمثو اى

بالإسخعاوت باىىمىذج اىسقمٍ ىيخضسس 3.9مع وخائح حقاوت وظم اىمعيىماث اىدغسافُت اىخٍ حمثيج ببسوامح آزك خٍ أٌ أس الإصداز 

(DEM) شماه مدَىت وُىىي.حم اوخاج خسائظ  وبنلا –ىمىصو مخس ىحىض اىخصسَف اىىاقع شماه شسق بحُسة ا 39بدقت حمُُز أزضُت

اىطسَقخُه حىضح اىسحب اىىهسَت واىخٍ مُزث اىحىض عيً اوه مه اىسحبت اىسادست  مرىل فإن وسبت الإخخلاف بُه اىطسَقخُه عنسج 

اباث ىيمخغُساث اىمىزفىمخسَت  .مما وأظهسث وخائح اىدزاست قدزة حقاوت اىمعيىماث اىدغسافُت عيً إخساء اىحسGISاىدقت اىعاىُت ىخقاوت 

 بدقت عاىُت وبىقج وخهد اقو مه اىطسق اىُدوَت.  
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Table 1: mean climate parameters for Makhmoor station from 1992 to 2002 (Abdulhusien, 2002) 

months Rainfall/mm Temperature/C
 

 

Sunshine 

duration 

hour /day 

Relative 

humidity 

% 

Evaporation/mm 

Wind 

speed  

m/s 

October 17.8 24.96 8.33 40.22 310.8 3.79 

November 46.08 16.60 6.33 61.33 149.18 3.67 

December 51.62 11.08 4.79 76.11 86.40 3.72 

January 63.61 9.5 4.71 79.50 72.98 3.69 

February 41.30 10.5 6.39 71.00 110.06 3.75 

March 37.99 14.5 7.31 64.25 188.11 4.75 

April 37.11 20.3 8.19 54.67 259.56 4.13 

May 18.46 27.3 8.95 37.33 469.56 4.47 

June 1.89 32.8 11.63 27.44 563.00 4.34 

July 0.40 36.01 11.74 24.67 604.22 4.42 

August 0.0 35.85 11.1 26.56 567.29 4.10 

September 0.99 31.00 9.78 30.67 426.88 3.67 
 

 

 
Figure 1: Climatic boundaries of the morphogenetic regions (Peltier, 1950 in Fookes1971). 

 

 

INTRODUCTION 
 

Spatial information technology (SIT) i.e. 

remote sensing (RS), geographical information 

system (GIS) and global positioning system 

(GPS) have been proved to be an efficient tool 

in delineation of drainage pattern and water 

resources management and its planning. The 

fastly emerging spatial information technology 

(SIT), remote sensing, GIS, and GPS have 

effective tools to overcome most of the 

problems of land and water resources planning 

and management on the account of usage of 

conventional methods of data 

process(Nageswara ,2010). 

Morphometric studies involve evaluation of 

streams through the measurement of various 

stream properties. Analysis of various drainage 

parameters namely ordering of the various 

streams and measurement of area of basin, 

perimeter of basin, length of drainage channels, 

drainage density (Dd), drainage frequency, 

bifurcation ratio (Rb), texture ratio (T) and 

circulatory ratio (Rc) (Kumar et al., 2000). 
 

CLIMATE 
 

epending on mean monthly data obtained from 

Makhmoor meteorological station as in table: 1 

(Abdulhusien, 2002) using peltier classification 

the climate classified as semi arid (Figure 1).  
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The study area is located in the North West 
part of Iraq, between longitudes 42°55'E to 

43°05'E, and latitude 36°30'N to 36°40ʹN( Figure 
2). 

 

 

 
Figure 2: location map of study area. 
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TOPOGRAPHY AND 

GEOLOGICAL SETTING 
 

The study area lies in the foot hill zone that 

belongs to unstable shelf from the Nubio-

Arabian platform, it comprises as moderate to 

rugged topography consists of Tertiary and 

Quaternary deposits. Three rock units’ 

exposures in the study area; anhydrite, gypsum, 

and salt rock interbedded with limestone and 

marl which reflects evaporite lagoon 

environment of Fatha Formation -Middle 

Miocene. Red or gray color silty marl or 

claystone with variable thickness belongs to 

Injana Formation(LateMiocene).Finally 

Quaternary deposits composed of alluvial fans, 

river terraces, floodplain deposits, which is 

usually consist of clay, loam, sand and 

conglomerate, as well as slope deposits, and 

polygenetic deposits (Jassim et al. 2006). 
 

METHODOLOGY 
 

Digital elevation model (DEM) for Shuttle 

Radar Topography Mission (SRTM) image 

(Figure 3) with ground resolution 90 meters was 

acquired in the year 2004 to be processed with 

the aid of Arc GIS 9.3 software to produce 

digital maps in order to calculate different 

morphometric parameters and compare this 

results with the others that perform using manual 

method to show the importance and superiority 

of DEM model than traditional methods. Areal, 

linear, and relief features as well as hypsometric 

curve had been calculated based on the formula 

suggested by (Horton, 1945), (Strahler, 1964), 

(Schumm, 1956), and (Miller, 1953) in order to 

identify the characteristics of the basin under 

study, figure 3 illustrate DEM of study area .  

RESULTS AND DISCUSSION 
 

Areal Aspects 
 

Area of the Basin 
 

It is defined as the total area projected upon a 

horizontal plane contributing to cumulate of all 

order of basins. The area of the basin under 

study is computed by both the manual method, it 

is 398.30 square kilometers and automated 

method by Arc GIS program; it is about 

308.3406 square kilometers. Hydrologically, 

basin area is important because it directly affects 

the size of the storm hydrograph and the 

magnitudes of peak and mean runoff 

(Nageswara, 2010). 
 

Perimeter (P) 
 

Perimeter is the length of the boundary of the 

basin which can be drawn from topographical 

maps. The perimeter of the basin is 82. 

9285kilometers calculated by Arc GIS program 

and83.5308 Kilometers using manual method. 
 

Form Aspects 
 

 These parameters relates with the general 

shape and dimension of the basin when we deals 

with each parameter. 
 

Elongation Ratio (Re) 
 

Elongation ratio (Re) defined as the ratio of 

diameter of a circle of the same area as the basin 

to the maximum basin length (Schumm, 1956), 

it is equal to (0.65) for the basin under study 

using manual and automated methods which 

mean that the basin prone to the elongation 

shape. 
 

Form Factor (Rf) 
 

It is the dimensionless ratio of basin area to 

the square of basin length (Horton, 1932) and is 

calculated by Rf = A/ (Lb) 
2. 

The Rf value of 0 

indicates a highly elongated shape and the value 

of 1.0, a circular shape with high peak flows for 

short duration but for elongated basin with low 

Rf with a flatter peak flows for longer duration. 

The flood flows of elongated basins can be 

easily managed than that of circular. The Rf 

 
Figure 3: digital elevation 

 model for the study area. 
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value of the basin is 0.33using the tow methods 

showing its elongated shape and its flood flows 

can be managed efficiently. 
 

Circularity Ratio (Rc)    
 

It is the ratio of area of river basin to the area 

of circle having the same perimeter as the basin. 

Rc for the basin under study calculated by GIS is 

0.56 which indicates strongly elongated and 

highly permeable homogenous geologic 

materials (Miller, 1953).  
 

Relief Ratio (Rh) 
 

The maximum relief to horizontal distance 

along the longest dimension of the basin parallel 

to the principal drainage line is termed as "relief 

ratio" (Schumn, 1956). Relief ratio has direct 

relationship between the relief and channel 

gradient. The relief ratio normally increases with 

decreasing drainage area and size of the 

watersheds of a given drainage basin 

(Gottaschalk, 1964). For the basin under study 

the value of relief ratio is 9.9 and 9.22 calculated 

by automated (GIS) and manual method 

respectively. It so important ratio because it 

reflects the maturity of the river and the amount 

of transported sediments. 
 

Drainage Texture (T) 
 

Texture ratio (T) is an important factor in the 

drainage morphometric analysis which is 

depending on the underlying lithology, 

infiltration capacity and relief aspect of the 

terrain. The soft or weak rocks unprotected by  

 

vegetation produce a fine texture, whereas 

massive and resistant rocks cause coarse texture. 

Sparse vegetation of arid climate causes finer 

textures than those developed on similar rocks in 

a humid climate. The texture of a rock is 

commonly dependent upon vegetation type and 

climate (Darnkamp and King, 1971) In the 

Present study the drainage texture of the basin is 

11.32 in GIS methods and 14.5 in manual 

method. 
 

Morphometric Aspects 
 

The method of quantitative analysis for 

drainage basin characteristics study in this paper 

is according to (Strahler, 1964).These 

characteristics are strongly connected with 

natural factors such as geology, climate, and 

vegetation cover and any changes occur on 

them. The value of bifurcation ratio refers that 

the basic effected with the climate and 

geological structure. 
 

Stream Order U 
 

The study of stream order lead to understand 

the amount of water discharge in the basin and 

reflects erosional and depositional capability of 

the basins that the highest order reflects gentle 

slope and high permeability and vice 

versa(Miller,1953) . Table 2 shows 

morphometric characteristics of the basin under 

study, figure 4and 5 shows that the basin is 6
th 

order basin. As it noticed that order one had 

been ignored (without color) to avoid the 

dominant of this order because it has the large 

number of streams among the other orders. 
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Table2: Morphometric parameters for the Basin under study. 

Basin characteristics GIS method 
Manual 

method 

Deference 

percent 
References 

Basin area(A) in (Km
2
) 308.3406 298.3068 3.2% Horton (1945) 

Basin Length (Lb ) in(Km) 30.12 29.7 1.3% Horton (1945) 

Basin perimeter (P ) in(Km) 82.9285 83.5308 0.7% Horton (1945) 

Form factor   Rf=A/ Lb
2

 0.33 0.33 0.0% Horton (1945) 

Elongation ratio  Re=2√A/Lb 0.65 0.65 0.0% Schumm (1956) 

Circularity ratio  Rc=2ΠA/p
2

 0.56 0.536 4.3 Strahler 1964 

Drainage Texture   T=Nu/P 11.32 14.55 28.5% Horton (1945) 

Relief ratio  Rh= H / Lb 9.9 9.22 6.8% Schumm (1956) 

Drainage Density (Dd) 2.56 2.64 3.1% Horton (1945) 

N
u

m
b

er
 o

f 

st
re

a
m

s(
N

u
)

 

1
st 

order  940 966 2.7% 

Strahler (1964) 

2
nd 

order  168 192 14.2% 

3
rd 

order  37 43 16.2% 

4
th 

order  9 12 33.3% 

5
th 

order  2 2 0.0% 

6
th 

order  1 1 0.0% 

summation  1157 1207  

to
ta

l 
le

n
g

th
 o

f 

S
tr

ea
m

s 
(L

u
)

 

1
st 

order 409.16302 426.6 4.2% 

Horton (1945) 

2
nd 

order 199.60657 192.9 3.3% 

3
rd 

order 98.06472 86.4 11.8% 

4
th 

order 47.06719 44.28 5.9% 

5
th 

order 25.12623 24.58 2.1% 

6
th 

order 13.00401 13.50 3.8% 

summation 792.03174 1695.53  

Mean stream length(Lu/ Nu) 0.68 1.4  Strahler 1964 

Stream Frequency (Fs)=∑ 

Lu/A 
 3.752 4.07 8.4% Horton (1945) 

B
if

u
rc

a
ti

o
n

 R
a

ti
o

 

1
st 

order/ 

2
nd 

order 
5.5 5.03 5.8% 

Horton (1932) 

 

 

 

 

 

 

2
nd 

order/ 

3
rd 

order 
4.5 4.40 2.2% 

3
rd 

order/ 

4
th 

order 
4.1 3.58 2.16% 

4
th 

order/ 

5
th 

order 
4.5 6.0 33.3% 

5
th 

order/ 

6
th 

order 
2 2.0 0.0% 

Mean Bifurcation Ratio Rb 4.12 4.20 15.8% Strahler (1952) 

Where 

Lu = Total stream length of all orders 

Nu = Total no. of streams of all orders 

П = 3.14 
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Figure 4: stream order map for the study area using GIS method. 
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Figure 5: stream order map for the study area using manual method. 
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Stream Length (Lu) 
 

The importance of stream length 

calculation is to conclude the mean of 

stream length by divided the summation of 

stream length for certain order over the 

number of streams for this order.  The 

higher value of mean stream length reflects 

a plain area, so relatively smaller lengths are 

characteristics of areas with larger slopes  

and finer textures. The mean stream length 

extracted by GIS method is 0.68And 1.4 by 

manual method. Figure 6 shows the relation 

between stream order and stream length, it is 

clear that the maximum frequency is in the 

first stream orders and when the streams 

order increases the frequency will be 

decrease.

 

 
 
Figure 6: Histogram showing the relation between stream order and stream length-on the left data extracted 

by GIS method and on the right by manual method. 

 

Drainage Density (D) 
 

It is the ratio of total channel segment 

lengths cumulated for all orders within a 

basin to the basin area. It reflects a balance 

between erosive forces and the resistance of 

the ground surface, and is therefore related 

closely to climate, lithology, and vegetation. 

High drainage density is the resultant of 

weak or impermeable subsurface material, 

sparse vegetation and mountainous relief 

(Huggett, 2007). For the basin under study 

the value of drainage density is 2.56 and 

2.64 for GIS and manual methods 

consequently that mean for 2.56-

2.64kilometers of stream length takes an 

area of 1 kilometer. 
 

Stream Frequency (Fs) 
 

It is the total number of stream segments 

of all orders per unit area (Horton, 1932). 

The stream frequency value of the basin is 

3.75calculated by GIS method and  

4.07 By manual method. It is observed that 

the drainage density value of the basin 

exhibits proportional correlation with the 

stream frequency. 
 

Bifurcation Ratio (Rb) 
 

The term bifurcation ratio (Rb) is used to 

express the ratio of the number of streams of 

any given order to the number of streams in 

next higher order (Schumn, 1956).It range 

between 3.0 and 5.0 for basins in which the 

geologic structures do not distort the 

drainage pattern (Strahler, 1964).The basin 

under study has a value of Bifurcation ratio 

of 4.12 and 4.20 calculated by GIS and 

manual method respectively which reflects 

the homogeneity and climatic and structural 

similarity.   
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Hypsometric Analyses 
 

Hypsometric Curve essentially describes 

the distribution of area with elevation; it is 

the relative proportion of a region’s area that 

lies at or above a given height relative to the 

total elevation range in the area under 

consideration (Luo, et al., 2003). 

Mathematically it is calculated by dividing 

the relative height over the relative area. 

First, the relative area must be calculated for 

each relative height (figure 7 and 8).  For the 

basin under study the hypsometric factor is  

 

 

0.9638this value derived from the percent 

between the relative area produced by GIS 

method to the relative elevation as in table- 

3 it is more accurate than the value that 

derived from manual method because in the 

manual method there were multiple missed 

area does not taken in consideration when 

calculate the area of hypsometric zones.  

The shape of hypsometric curve reflects the 

youth stage in the river cycle as it shown in 

figure9. 

 

Table3:  hypsometric analysis of the study area. 

 

S
u

b
 a

re
a

s 

T
o

ta
l 

el
ev

a
ti

o
n

(H
) 

fo
r 

th
e 

tw
o

 m
et

h
o

d
s 

L
o

ca
l 

el
ev

a
ti

o
n

(h
)f

o
r 

th
e 

tw
o

 m
et

h
o

d
s 

R
el

a
ti

v
e 

el
ev

a
ti

o
n

=
h

/H
 

F
o

r 
th

e 
tw

o
 

m
et

h
o

d
s 

L
o

ca
l 

a
re

a
(a

) 
b

y
 

G
IS

 m
et

h
o

d
 

L
o

ca
l 

a
re

a
(a

) 
b

y
 

m
a

n
u

a
l 

m
et

h
o

d
 

T
o

ta
l 

a
re

a
(A

) 

b
y

 G
IS

 m
et

h
o

d
 

T
o

ta
l 

a
re

a
(A

) 

b
y

 m
a

n
u

a
l 

m
et

h
o

d
 

R
el

a
ti

v
e 

a
re

a
=

a
/A

 b
y

 

G
IS

 m
et

h
o

d
 

R
el

a
ti

v
e 

a
re

a
=

a
/A

 b
y

 

m
a

n
u

a
l 

m
et

h
o

d
 

1 18 18 1 1.3365 51.3 1.3365 51.3 1 1 

2 68 50 0.735 69.2388 111.24 70.5753 162.54 0.9810 0.6851 

3 118 50 0.423 138.817 162 209.3931 324.54 0.6629 0.4994 

4 168 50 0.297 47.5875 118.8 256.9806 443.34 0.1851 0.2680 

5 218 50 0.229 31.266 42.66 288.2466 486 0.1084 0.0877 

6 268 50 0.186 20.088 42.12 308.3346 528.12 0.0651 0.0797 

7 274 50 

0.021 

0.0648 24.3 308.3994 552.42 

0.0002 0.0439 

∑= 2.8941 
∑= 

3.0027 
∑=2.6638 

 

Where: 

h= the difference between highest and 

lowest elevation in a certain sub area. 

H= the difference between the highest 

elevation of certain sub area and lowest 

elevation of the basin. 

a= the area of certain part from the total 

basin area. 

A=the total area of the basin. 

Hypsometric Ratio (GIS) method=Relative 

height/Relative area 

=2.8941/3.0027=0.963 

 Hypsometric Ratio (manual method) 

=Relative heights/Relative area 

=2.8941/2.6638=1.07 
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Figure 7: sub division area of basin under study using GIS method. 
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Figure 8: sub division area of basin under study using manual method. 
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CONCLUSION 
 

The morphometric analysis carried out in 

this study shows that the basin is 6
th

 order 

having low relief of the terrain and is oval 

tending towards elongated shape. There was 

a difference between the two methods 

especially in calculation of area, length, and 

perimeter of the basin, stream length and 

hypsometric curve. This difference comes 

from the lack of accuracy in using manual 

method. The present study demonstrates that 

remote sensing techniques and GIS play a 

vital role for the preparation of updated 

drainage map in a timely and cost-effective 

manner and morphometric analysis. 
 

REFERENCES 
 

Abdulhusien, M. Firas, 2002, Hydrological study for    

Makhmoor basin, college of science, University 

of Baghdad, unpublished M.Sc. dissertation. 

Dornkamp, J.C. and king, C.A.M., 1971, Numerical 

analyses in geomorphology, an introduction. 

St.Martins Press, New York. 

Fookes, P. G., Dearman, W.R. and Franklin, J.A., 

1971, some engineering aspects of rock 

weathering with field examples from datmoor 

and elsewhere, Q.J. Eng Geol., Vol.4. 

Gottschalk, L. C., 1964, Reservoir Sedimentation in: 

V.T. Chow “Hand book of Applied Hydrology”, 

McGraw Hill Book Company, New York. 

Horton, R.E., 1932, Drainage basin characteristics, 

Trans. Amer. Geophysics. Union,13. 

Horton, R.E., 1945, Erosional development of 

streams and their drainage density: 

 

 
Figure 9: hypsometric curves (manual method on the left and automated (GIS) on the right). 



 

Hamed etal                                         a comparative study between manual and automated 

30 
 

hydrophysical approach to quantitative 

geomorphology, Geol. Soc. Amer. Bull., no.56. 

Huggett, R., J., 2007, Fundamentals of 

geomorphology, second edition Taylor & 

Francis e-Library. 

Jassim, Saad, Z. and Jeremy, C. Goff. , 2006, 

Geology of Iraq, published by Dolin, Prague 

and Moravian Museum, Brno. 

Kumar, R., S., Kumar, A.K. Lohani, R.K.       Nema 

and R.D., Singh, 2000, Evaluation of 

geomorphological characteristics of a catchment 

using GIS, GIS India, 9(3): 13-17. 

Luo, Wei and John M. Harlin, 2003, A Theoretical 

Travel Time Based on Watershed Hypsometry. 

Journal of the American Water Resources 

Association (JAWRA) 39(4). 

Miller, V.C., 1953, A quantitative geomorphic study 

of drainage basin characteristics in the Clinch 

Mountain area, Virginia and Tennessee, Project 

NR 389042, Tech. Rept. 

Nageswara Rao., K et al.,2010, Morphometric 

Analysis of Gostani River Basin in Andhra 

Pradesh State, India Using Spatial Information 

Technology, international journal of geomatics 

and geosciences ,vol.1,No.2, 2010.  

Schumn, S.A., 1956, Evaluation of drainage systems 

and slopes in badlands at Perth Amboy, New 

Jersey, Bull. Geol. Soc. Amer, 67. 

Strahler,A.N.,1952,Dynamic basis of 

geomorphology; Bull. Geol. Soc. Amer.vol 

63. 

Strahler, N. ,1964, Quantitative geomorphology of 

drainage basin and channel ;in a book of 

applied hydrology, edited by Chow V.T., Mc. 

Graw-Hill, New York. 
 

 


