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Abstract: Shoulder lines are the most important 
landform demarcations for geographical analysis, soil 
erosion modeling and land use planning in the Loess 
Plateau area of China. This paper proposes an 
automatic, effective and accurate method of 
determining loess shoulder line from DEMs by 
integrating a hydrological D8 algorithm and a snake 
model. The watershed boundary line is adopted as the 
initial contour which evolves to identify the exact 
position of loess shoulder-line by the guidance of an 
external force of snake model from DEMs. 
Experiments show that the method overcomes the 
difficulties in both threshold selection for edge 
detection and the disconnecting issues in former 
extraction approaches. The accuracy evaluation of 
shoulder-line maps from the two test sites of the loess 
plateau area show obvious improvements in the 
extraction. The average contour matching distance of 
the new method is 12.0 m on 5 m resolution DEM, 
and shows improvement in the accuracy and 
continuity. The comparisons of accuracy evaluations 
of the two test sites show that the snake model 
method performs better in the loess plain area than in 
the area with high gully density. 
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Introduction  

Loess shoulder-line is a significant line and 
indispensable indicator in characterizing results of 
surface processes in the Loess Plateau of China 
(Zheng et al. 1998; Qin et al. 2010; Qin et al. 2010). 
The loess shoulder-line could be defined according 
to morphological variation in the loess landforms. 
Figure 1 illustrates a hypothetical profile 
representing the point of morphological variation 
between the inner-gully area (AC) and the inter-
gully area (BC) between the loess positive and 
negative terrains (P–N terrains) (Zhou et al. 2010). 
The average surface slope is usually lower than 25 
degrees; while in the inner-gully area, the slope 
suddenly gets steep over 35 degrees (Zhu et al. 
2003). Figure 2 shows the loess shoulder-line 
overlaid against the real loess landscape. 

For decades, researchers have been dedicated 
to automatic extraction of loess shoulder-line from 
different aspects and invented different algorithms. 
Lu et al. (1998) designed a 3 ×3 filter to detect loess 
shoulder–line by variation of slope. It is complex 
and sensitive to the noises produced in the process. 
Zhu et al. (2003), Liu et al. (2006), Li et al. (2008) 
and Zhou et al. (2009) comprehensively considered 
the terrain variables derived by a 3×3 window, i.e. 
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controlled. 
For the extraction of loess shoulder-lines, the 

external energy Eext represents the height 
information of each cell and it could be derived 
from the DEMs. The position independent force 
could be used to identify the obvious loess 
shoulder-line candidates with apparent height 
variation. 

2.2 Extraction of initial contour line 

The paper adopts an improved snake model by 
using the watershed boundary line as the initial 
contour extracted by D8 water flow routing 
algorithm. The watershed boundary line will finally 
evolve to the obvious candidate points for the loess 
shoulder-lines. The snake model could keep the 
weak edges between the candidates connected. 
Thus, an integrated loess shoulder-line could be 
achieved. 

The procedure of the algorithm is shown in 
Figure 4. The process can be divided into two parts. 
The first is to identify the initial contour lines by 
D8 algorithm shown in the upper dash box. It 
includes processes of sink filling, flow direction, 
flow accumulation calculation and watershed 
boundary extraction (Easterbrook et al. 1999; Jia 
2010). The D8 water flow routing algorithm could 
be departed into three steps. (1) Filling. This step is 
used to remove sinks in real terrain depicted by 
DEM data to keep water flows to the outlets. (2) 
Flow direction. In this step a 3 by 3 neighborhood 
is defined. The water flow direction of the central 
unit of the neighborhood is judged by flowing to its 
steepest neighbors. (3) Flow accumulation. It will 
accumulate to all the units to outlets of the 
watershed. More details could be found in the 
literature of Wilson et al. (2008). The threshold 
parameter used for watershed extraction in these 
experiments is 300,000 (1000×600/2) units, 
which is calculated based on the area of the study 
site. The second part implements an edge detection 
process, in which the watershed boundary line is 
employed as the initial contour line until it touches 
the destined position. After calculating the external 
force Eext with the DEM data, this paper adjust the 
parameters α and β iteratively to control the 
evolving speeds until it pursuits the global 
optimization when the snake curve evolves to the 
loess shoulder-line. Figure 5 shows nine stages 

during the evolution of the initial contour in one of 
the test sites. 

3    Results and Discussion 

3.1 Results 

In the experiment, the snake contour evolves 

 
Figure 4 Pipeline of loess shoulder-line extraction. 

 

Figure 5 Nine stages of the evolving of the snake 
contours (The white line is the initial snake curve, the 
yellow line is the evolving contours). 
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to the position of loess shoulder-line after 60 times 
of iterations by the interactive guidance of internal 
and external forces. Experiments show that 0.5 is 
suitable for the parameters of α and β. It means the 
snake curve evolves equally in both directions. The 
paper sets these two parameters ranging from 0.1 
to 1 and finds that the equal value of the two 
parameters would keep a balance on involving in 
the normal and tangential directions of each snake 
point. A series of experiments are implemented in 
the two different test areas based on the 
aforementioned settings.  

The loess shoulder-line extracted by snake 
model in another test site is shown in Figure 6. 
Because the 5 m resolution DEM is still too rough 
for the extraction of loess shoulder-line, the paper 
does not down sample the data to investigate scale 
effects of these parameters, either the scale effects 
of the snake based method. 

For comparison, this paper accomplishes the 
results achieved by (Yan et al. 2011). It adopts the 
first and second order edge detectors to extract the 
loess shoulder-line. Figure 7 shows a group of 
derivatives from six detectors. Figure A, B and C 
are derived from the first order detectors, named 
Sobel, Prewitt and Robert respectively. There 
appear disorderly for their sensibility to the local 
noise and disturbance. Thus the edges are not easy 
to process with a uniform rule by which the 
segments at weak edges could be connected to an 
integrated line. The second order detectors with 
enlarged moving analysis window will overcome 
the drawback. The neighborhood algorithm keeps 
the edge lines more integrated. As is shown in 
Figure D and E, LoG detector performs better than 
canny does according to their continuity and 
accuracy, but errors are still apparent compared 
with the true data. Hence, all 
the results derived by edge 
detectors are far from mature 
and a more efficient and 
accurate method is expected. 

Figure 8 shows the 
cumulative frequency curves of 
the two test sites, in which the 
x and y axis represent for the 
error and its corresponding 
percentages. It shows a 
comparison of the final curve 
extracted via snake model, 

LOG detector and manually extracted true lines. 

3.2 Accuracy evaluation 

The matching ratio method is used to evaluate 
the quality of the loess shoulder-line extracted per 

Figure 6 The snake model based loess shoulder-line 
overlaid with DOM in test site 1. 

Figure 7 Lines by (A) Sobel, (B) Prewitt, (C) Roberts, 
(D) Canny, (E) LOG, (F) manual. 

Figure 8 The cumulative frequency curve of the matching ratio result. 
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converge in the head of narrow gullies.  
As is labeled by ④, the snake model 

contributes a lot to the improvements of the gully 
head area .The loess shoulder-line extracted by the 
new method locates closer to the standard one than 
by the LoG detector. The mean, max and standard 
deviation of the matching difference are improved 
from 377.5 m, 17.0 m and 37.8 m to 334.7 m, 12.1 
m and 13.1m. As is shown by label ⑤, on the steep 
slopes near the streams, bigger distance can be 
found between the loess shoulder-line and the true 
line, the snake one occupies the upper position, 
while the LoG detector line is depressed near the 
streams. 

The worst result appears at the location 
labeled with ,  and , where a series of multi⑥ ⑥ ⑥ -
period shoulder-line form a rather complex case. 
The manual extraction and the LoG detector tend 
to find out the most obvious loess shoulder-line 
candidate points. But the snake model tends to be 
closer to the positive terrain area; this edge is not 
easy to be identified by the edge detector or naked 
eyes. Based on the quantified analyses in Figure 8-
9, the result of site 1 also confirms the high 
accuracy of snake model. The improvements could 
be reflected on two aspects. On the one hand, the 
snake model preserves higher percentages than the 
LoG based method with the same error level for 
both of these sites. On the other hand, the error of 
the snake model is lower than that of the LoG 
based method at the same level of cumulative 
frequency. The improvements could also be 
achieved by analyzing the statistics of length 
differences in these two sites in Table 3. The table 
also implies that the snake model behaves better in 
the tableland area (site 2) than in the hill and gully 
area (site 1). The difference may be caused because 
of the difference of morphological attributes of the 
two test sites. In addition, the high dense gully in 
test site 1 would limit the performance of the snake 
model in calculation. 

4    Conclusions 

A new method based on the D8 water routine 
and snake model for extracting loess shoulder-lines 
from DEMs is put forward in this paper. Based on a 
series of experiments, the paper draws following 
conclusions: 

(1) The model is capable of extracting an 
integrated loess shoulder-line, with a higher 
accuracy and continuity than the other methods. 
Nearly 90% of the loess shoulder-lines are located 
within 25 m to the true lines in two test sites. 
Especially in the gully head area, the new method 
improves the accuracy of loess shoulder-line 
compared with the LoG edge detector. 

(2) The accuracy of snake model based loess 
shoulder-line extraction method varies in different 
landform areas. It can achieve better results in the 
loess tableland area than in the loess hill-gully area. 

(3) The errors are obviously related to 
landform locations. In either the plain or broad 
stream area, the errors increase due to the limited 
ability of concaving convergence of the snake 
model. 

(4) The paper only used 5 m resolution DEM, 
Higher resolution DEM and the scale effects of 
parameters for snake mode are expected to achieve 
better results. 
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