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Abstract 

In this paper, the characterization of catchments extracted from multiscale digital 

elevation models (DEMs) is performed. First, the lifting scheme is employed to generate 

multiscale DEMs. The catchments extracted from the generated multiscale DEMs are 

then characterized based on their numbers. A power law relationship is derived between 

the number of extracted catchments and the kernel size. The scaling exponent of this 

power law, which is named as a fractal dimension, indicates the rate of change of number 

of extracted catchments across multiple scales, which can be used to quantify terrain 

complexities.  

 

Keywords: multiscale DEMs, catchments, the lifting scheme, power law, fractal 

dimension. 

 

 



964                                                                                                                         S. Dinesh 

 

1 Introduction 

 A catchment is the topographic area from which all water runoffs finally reach 

one single given point. It is from this topographic region from which a stream receives 

runoff, throughflow, and groundwater flow. From the highest point of land down to the 

stream bottom, all the surface land is considered part of a stream or river's drainage. The 

principal components of a drainage basin are its topographic form and the topologic 

structure of its drainage network [3]. Catchments are important geomorphological 

features which play an important role in hydrological modelling. Many hydrogeological 

processes, such as soil erosion, mass movements, sediment transport and land cover 

changes, are strongly linked to this spatial reference unit. 

Traditionally, catchments were derived manually from topographic maps, which 

was a labour intensive activity.  In recent times, extraction techniques have evolved from 

manual through computer assisted to automated methods; with digital elevation models 

(DEMs) as the input data. DEMs are a popular source for hydrological modeling and 

watershed characterization because of their simple data structure and widespread 

availability, and they lend themselves too many GIS processes and operations. In seeking 

the efficient extraction of watersheds from DEMs, various algorithms have been 

proposed. These algorithms can be divided into two categories; in a digital topographic 

context (summarized in Soille and Ansoult [4]), and in an image processing context 

(summarized in Vincent and Soille [8]). 

Feature detection and characterization often need to be performed at different of 

scales measurement. Wood [9, 10] shows that analysis of a location at multiple scales 

allows for a greater amount of information to be extracted from a DEM about the spatial 

characteristics of a feature. The term scale refers to combination of both spatial extent 

and spatial detail or resolution [7]. In this paper, the variation in the spatial extent over 

which catchments are defined is used as the basis for catchment characterization. 

In Section 2, the lifting scheme is employed to generate multiscale DEMs. In 

Section 3, the characterization of catchments extracted from multiscale DEMs is  
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performed. Concluding remarks regarding the scope of the study are provided in the final 

chapter. 

 

2 Generation of Multiscale DEMs using the Lifting Scheme 

 In this paper, multiscaling is performed using the lifting scheme [5, 6]. The lifting 

scheme is a flexible technique that has been used in several different settings, for easy 

construction and implementation of traditional wavelets and of second generation 

wavelets, such as spherical wavelets. Lifting consists of the following three basic 

operations (Figure 1): 

 

Step 1: Split 

 The original data set x[n] is divided into two disjoint subsets, even indexed points 

 xe[n]=x[2n], and odd indexed points x0[n]=x[2n+1]. 

 

Step 2: Predict 

 The wavelet coefficients d[n] are generated as the error in predicting x0[n] from 

 xe[n] using the prediction operator P: 

 d[n]=x0[n ]- P(xe[n])                (1) 

 

Step 3: Update 

 Scaling coefficients c[n] that represent a coarse approximation to the signal x[n] 

 are obtained by combining xe[n] and d[n]. This is accomplished by applying an 

 update operator U to the wavelet coefficients and adding to xe[n]: 

 c[n]=xe[n] + U                  (2) 
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Figure 1: Lifting stage: split, predict, update; ke and ko normalize the energy of the 

underlying scaling and wavelet functions. 
(Source: Claypoole and Baraniuk [1]) 

 

 

 These three steps form a lifting stage. Using a DEM as the input, an iteration of 

the lifting stage on the output c[n] creates the complete set of multiscale DEMs cj[n] and 

the elevation loss caused by the change of scale dj[n]. 

The DEM in Figure 2 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 [2].  
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Figure 2: 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 1:3,900,00. 

 

 Multiscale DEMs of the Great Basin region are generated by implementing the 

lifting scheme on the DEM of Great Basin using scales of 1 to 20. As shown in Figure 3, 

as the scale increases, the merge of small regions into the surrounding grey level regions 

increases, causing removal of fine detail in the DEM. 

 

    
(a)                                                                          (b) 
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(c)                                                                            (d) 

 

    
(e)                                                                  (f) 

Figure 3: Multiscale DEMs generated using scales of : (a) 1 (b) 3  (c) 5 
(d) 10 (e) 15  (f) 20. 

 
 
3 Characterization of Catchments Extracted From Multiscale DEMs 

 The catchments of the multiscale DEMs are extracted using the immersion 

simulation algorithm proposed in Vincent and Soille [8]. This algorithm is based on a 

progressive 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  
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processed in order to simulate the flooding propagation. A distributive sorting technique 

combined with breadth-first scannings of each grey level allow for an extremely fast 

computation of catchments.  

 

 As shown in Figure 3 and Table 1, the merging of small regions into the 

surrounding grey level regions and the removal of fine detail cause a reduction in number 

of extracted catchments. In general, the number of extracted catchments indicates the 

complexity of a terrain; a lower number of extracted catchments indicates that the terrain 

is relatively simplistic, while a higher number of extracted catchments indicates that the 

terrain is has a higher degree of complexity. 

 

 

 

     
(a)                                                                             (b) 
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(c)                                                                         (d) 

 
 
 
 
 

      
(e)                                                                           (f) 

Figure 4: The catchments extracted from the corresponding multiscale DEMs in Figure 3. 
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Table 1: The number of catchments extracted from the generated multiscale DEMs 
Scale r Number of 

extracted 
catchments C 

1 342
2 208
3 190
4 178
5 171
6 164
7 158
8 149
9 143

10 137
11 132
12 129
13 118
14 107
15 103
16 98
17 89
18 88
19 87
20 81

 

 A log-log plot of the number of catchments extracted C against the kernel size r is 

drawn (Figure 5). The slope and y-intercept of the plot is computed. A power law 

relationship is observed. 

log C = -0.427*log r + 2.523                        (3) 

C = 2.523*r-0.427                                      (4) 

 

This power law arises as a consequence of the fractal properties of catchments 

extracted from the multiscale DEMs. In equation 4.4, 2.523 is a constant of 

proportionality c, while -0.427 is the fractal dimension of the catchments extracted from 

the multiscale DEMs D, which indicates the rate of change of the number of extracted  
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catchments across multiple scales; the negative symbol indicates that number of extracted 

catchments reduces as the scale level is increased.  

 

 

 
Figure 5: The log-log plot of the number of extracted catchments C against the scale r 

 

The complexities and intricacies of catchments change with various types 

topography; therefore, the number of extracted catchments is considered as an important 

parameter to study the complex geometry of catchments. Generally, hilly terrain possess 

as higher value of D as compared to non-hilly terrains. This is because of the rate of 

change of elevation of hilly terrains across multiple scales is higher compared to non-

hilly terrains. Hence, catchment intricacies of hilly terrain change more rapidly. 
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4 Conclusion 

In this paper, the characterization of catchments extracted from multiscale DEMs 

was performed. A power law relationship was derived between the number of extracted 

catchments and the kernel size. The scaling exponent of this power law, which is named 

as a fractal dimension, indicates the rate of change of number of extracted catchments 

across multiple scales, which can be used to quantify terrain complexities. More 

experiments are currently being carried out to further classify terrain complexities via 

scaling exponents. 
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