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Abstract: Morphometry (also known as geomorphometry) is the science of measuring and depicting

parameters or attributes necessary to describe the precise nature and configuration of the earth topography,

its geographic relationships to the land mass and the characteristics of geomorphologic processes. In this

paper, the computation of the basic morphometric measures of catchments extracted from a digital

elevation model (DEM) is performed. The drainage network of the DEM is extracted using the drainage

skeletonization algorithm, while the catchments of the DEM is extracted using the immersion simulation

algorithm. For each extracted catchment, the corresponding drainage network segment length, catchment

area, drainage density, average hillslope length, stream frequency and number of Strahler streams are

computed. It is observed that the larger is drainage network segment length, the larger is the number of

Strahler streams. A power law relationship is observed between number of Strahler streams and drainage

network segment length. This power law arises as a consequence of the fractal properties of morphometric

measures of catchments extracted from the simulated DEMs. This research provides an elementary

treatment of the fundamental properties of hydrological features extracted from DEMs that enable a

qualitative evaluation of the hydrological processes that are important in engineering hydrology. 
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INTRODUCTION

Morphometry (also known as geomorphometry) is

the science of measuring and depicting parameters or

attributes necessary to describe the precise nature and

configuration of the earth topography, its geographic

relationships to the land mass and the characteristics of

geomorphologic processes. The recent advances in

technology, including global positioning systems (GPS),

ground and airborne laser terrain mapping, ground

penetrating radar and digital elevation models (DEMs)

have provided a framework to numerically represent

ground surface relief and patterns. In morphometry, it

is possible to generate descriptive statistics of the shape

of the surface or to assign a location in a landscape to

an exhaustive set of features based on the local form

of the land surface . Morphometric studies in the field[1]

of hydrology were first initiated by Horton  and[2 ,3]

Strahler . The hydrological morphometric measures[4 ,5]

and parameters developed by Horton and Strahler

center around three important hydrological features,

catchments, drainage networks and hillslopes.

A catchment is the topographic area from which all

water runoffs finally reach one single given point,

known as the pit. It is from this topographic region

from which a stream receives runoff, throughflow, and

groundwater flow . Catchments play an important[7 ,10]

ro le  in  hyd ro log ica l  m o d e l l ing, and  many

hydrogeological processes, such as soil erosion, mass

movements, sediment transport and land cover changes,

are strongly linked to this spatial reference unit.

Catchments are made up of two interrelated systems;

drainage networks and hillslopes. 

The drainage network for a section of a terrain is

the interconnected pattern of dry gullies formed by

water erosion along with the main rivers and streams

that always contain water. It can be defined as all the

channels in which water would naturally flow or collect

if water were poured on the terrain from a giant

pitcher . As drainage networks represent a[7 ,9 ,1 1 ]

fundamental concept in earth science, drainage network

extraction, the science of computing the flows of water

over a given landscape , has received growing[12]

attention from earth scientists and terrain analysts. 
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As the drainage networks flow, they perform the

triple function of erosion, transport and deposition, and

in doing so, they modify the surface features of their

catchments. They wear away the surface of the land,

eroding valleys with distinctive features and leaving

residual hillslopes and ridges or interfluves between

them . Hillslopes control the production of storm[7 ,8 ,13 ,14]

water runoff, which in turn, is transported through the

drainage network toward the catchment outlet. The

runoff-contributing areas of the hillslopes are the cause

and effect of the drainage network’s growth and

development . [9 ,13]

In this paper, the computation and characterization

of the basic measures of catchments extracted from

DEMS is performed. It is demonstrated, via a power

law relationship, the fractal properties of morphometric

measures of catchments extracted from DEMs.

The Basic M orphometric Measures of Interest: A

drainage networks consists of a connected set of stream

links draining to a common point. Horton  proposed[2 ,3]

a numbering system to perform the ordering of stream

links. Strahler  improved upon Horton’s ordering[4 ,5]

system to form the Horton- Strahler ordering system,

which is now the most commonly used ordering system

in hydrogeomorphology. This ordering procedure,

illustrated in Figure 1, analyzes networks as follows: 

C channels originating at a source (headwater) are

defined to be first-order streams

C when two streams of order ω  join a stream of

order (ω  +1) is created. 

C when two streams of different order merge, the

order of the downstream link is the highest of the

two stream orders. 

The drainage density of a catchment is the measure

of which the catchment is dissected by its drainage

n e t w o r k s .  D r a i n a g e  d e n s i t y  p r o v i d e s

hydrogeomorphologists with a useful measure of

landscape dissection and runoff potential. A low value

of drainage density indicates a highly permeable

landscape, with small potential for runoff. A high value

of drainage density indicates a highly dissected surface.

Horton  defines the drainage density D  as:[2 ,3]

D=L/A          (1)

where A is the area of the catchment and L is the

length of the corresponding drainage network segment.

Drainage density is a critical catchment parameter as it

captures the long-term expression of the interaction

between climate and catchment properties (topography,

soils, vegetation) via the amount of dissectedness in a

catchment. 

Drainage density is closely associated with the

average  hillslope  length  or  overland flow length

(the distance between the catchment divide to the

stream channel). Assuming that D  is constant

throughout the catchment, the average hillslope length

is computed as follows:

hL = 1/2D          (2)

Horton  also introduced the concept of the stream[2 ,3]

sfrequency F  or the number of stream segments per

unit area:

s sF =N /S          (3)

swhere N  is the number of Strahler streams. As shown

in Figure 2, it is possible to construct two hypothetical

catchments having the same drainage density but

different stream frequency (Figures 2(a) and 2(b)), and

two catchments having the same stream frequency but

different drainage densities (Figures 2(c) and 2(d)). 

sMelton  showed that F  is strongly correlated with[15]

sdrainage density. He plotted F  versus D  for 156

catchments covering a vast range in scale, climate,

relief, surface cover and geologic type. He observed

sthat the relationship of of F  against D  tends to be

conserved as a constant in nature through Melton’s

law:

sF  =0.694*D           (4)2

Computation of Basic Morphometric Measures of

Catchments Extracted From The Generated

Simulated DEM: The DEM in Figure 3 shows the

area of Great Basin, Nevada, USA. The area is

bounded by latitude 38° 15’ to 42° N and longitude

118° 30’ to 115° 30’W. The DEM was rectified and

resampled  to  925m  in  both  x  and y directions.

The DEM is a Global Digital Elevation Model

(GTOPO30 DEM) and was downloaded from the

USGS GTOPO30 website (http://edcwww.cr.usgs.gov/

landdaac/gtopo30/gtopo30.html). GTOPO30 DEMs are

available at a global scale, providing a digital

representation of the Earth’s surface at a 30 arc-

seconds sampling interval. The land data used to derive

GTOPO30 DEMs are obtained from digital terrain

elevation data (DTED), the 1-degree DEM for USA

and the digital chart of the world (DCW). The

accuracy of GTOPO30 DEMs varies by location

according to the source data. The DTED and the 1-

degree dataset have a vertical accuracy of + 30m while

the absolute accuracy of the DCW vector dataset is

+2000m  horizontal  error  and +650 vertical error .[16]

In order to ensure that the DEM is able to reproduce

the  correct  surface  flow  directions,  the  DEM  is
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Fig. 1: Horton-Strahler ordering. (Source: Rodríguez-Iturbe and Rinaldo )[9]

Fig. 2: Hypothetical catchments. The catchments in (a) and (b) have the same drainage density but different

stream frequencies. The catchments in (c) and (d) have the same stream frequency but different drainage

densities. (Source: Strahler )[5]

processed to remove elevation anomalies that can

interfere with correct hydrologically correct flow .[17]

The drainage network of the generated simulated

DEM is extracted using the drainage skeletonization

algorithm proposed in Meisels et al. . The algorithm[18]

extracts pixels that lie in high curvature contours

starting from pixels of maximal elevation, elevation-

level by elevation-level; the selection is based on a

condition for a large enough number of higher

elevation pixels in the immediate neighbourhood of a

pixel belonging to the elevation currently being

processed. Complementary local conditions of

connectivity are then used to connect all the pixels of

the  flow  path.  The extracted drainage network

(Figure 4) has a length of 8,080 pixels.

The catchments of the DEM are extracted using the

immersion simulation algorithm proposed in Vincent

and Soille . This algorithm is based on a progressive[19]

flooding of an image, is applicable to n-dimensional

images. The pixels are first sorted in increasing order

of their grey levels. The successive grey levels are

processed in order to simulate the flooding propagation.

A distributive sorting technique combined with breadth-

first  scannings  of  each  grey  level  allow  for  an



J. Appl. Sci. Res., 4(11): 1488-1495, 2008

1491

Fig. 3: The GTOPO30 DEM of Great Basin. The

elevation values of the terrain (minimum 1005

meters and maximum 3651 meters) are

rescaled to the interval of 0 to 255 (the

brightest pixel has the highest elevation).  The

scale is approximately 1:3,900,000.

Fig. 4: The drainage network extracted from the DEM

has a length of 8,080 pixels. 

extremely fast computation of catchments. A total of

167 catchments are extracted from the DEM (Figure 5).

For each extracted catchment, the corresponding

drainage network segment length L, catchment area S,

hdrainage density D , average hillslope length L , stream

s sfrequency F  and  number of Strahler streams N  are

computed (Figure 6). It is observed in Figure 7 that the

Slarger is the value of L, the larger is the value of N .

Fig. 5: A total of 167 catchments are extracted from

the DEM. The catchment count number is

determined by the grey level; the brighter the

grey level, the larger the count number.

sA log-log plot of N  against L is drawn (Figure 8). A

power law relationship observed between the two

parameters:

slog N  = 1.57*log L – 2.07         (5)

        (6)sN  = -2.07* L  1 .57

This power law arises as a consequence of the

fractal properties of the morphometric measures of

catchments  extracted  from  the  simulated DEMs.

The term ‘fractal’ implies that an object or pattern has

self-similar or self-affine properties. Self-similar means

that parts of an object are identical to the whole, and

self-affine means that parts of an object resemble

systematically squashed or stretched versions of the

wholes. Ideal fractals display similarity across an

infinite range of scales, which is rarely seen in nature.

Consequently, the ranges of fractality can be used to

decipher characteristic scales and thresholds at which

physical processes operate. Fractal geometry was

introduced and popularized by Mandelbrot  to[20 ,22]

describe highly complex forms that are characteristic of

natural phenomena such as coastlines and landscapes.

In Equation 6, -2.07 is a constant of proportionality c,

while 1.57 is the fractal dimension of the morphometric

measures of catchments extracted from the simulated

DEM D , which indicates the variability of Strahler

stream distribution of the extracted catchments; a

higher value of D  indicates a more varied distribution,

while a lower value of D  indicates a more even

distribution. 
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Fig. 6: The computed basic morphometric measures of the extracted catchments: (a) drainage network segment

hlength L (b) catchment area S (d) drainage density D (e) average hillslope length L  (f) stream frequency

s sF  (g) number of Strahler streams N .
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s   Fig. 7: The plot of the number of Strahler streams N against the drainage network segment length L.

s   Fig. 8: Log-log plot of number of Strahler streams N against the drainage network segment length L.

Conclusion: In  this  paper,  the  computation  of

basic  morphometric  measures of catchments extracted

from a simulated DEM was performed. The drainage

network  of the generated simulated DEM was

extracted using the drainage skeletonization algorithm,

while  the catchments of the DEM were extracted

using the immersion simulation algorithm. For each

extracted catchment, the corresponding drainage

network segment length, catchment area, drainage

density, average hillslope length and stream frequency

were computed. This research provides an elementary

treatment  of  the fundamental properties of

hydrological  features  extracted from DEMs that

enable a qualitative evaluation of the hydrological

processes  that  are  important in engineering

hydrology. 
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