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Abstract — An artificial loess watershed is adopted to investigate 

the variation in slope landscape structure with loess watershed 

evolution. The evolution of the simulated loess watershed was 

driven by the exogenetic force of artificial rainfall. Quantitative 

indices of the slope landscape structure varied regularly following 

the evolution of the simulated loess watershed. Mean patch area 

(AREA_MN), and Patch Cohesion Index (COHESION) kept 

increasing following the evolution of the simulated watershed, while 

Perimeter-Area Fractal Dimension (PAFRAC), and Interspersion 

and Juxtaposition Index (IJI) showed an opposite trend. All the 

indices change actively in the early and active development periods, 
but changed slowly in the stable development periods. 

I.  INTRODUCTION 

Quantificational analysis of loess terrain is a key subject in the 
research of the loess plateau [1-7]. Tang et al (2008) proposed slope 
spectrum to quantitatively describe loess landforms [8],   Zhou et 
al (2010) discussed the spatial pattern of loess landform based on 
loess positive and negative terrain [9]. However, their research 
cannot properly describe the spatial structure of loess slopes. In 
this paper, we investigate loess landforms from the landscape 
ecology point of view. Firstly, we classified slope into six types 
as table 1. Then, each map-patch of slope type was taken as an 
independent functional patch from the view point of landscape. 
Particularly, each map-patch of slope type is the patch of the 
landscape, all map-patches belonging to the same slope type 
constitute the class of the landscape, and all the classes constitute 
an integrated landscape. Then the slope map patch could be used 
to depict the patch’s spatial structural features, such as relative 
size, shape, aggregated degree, connectivity degree, etc. 
Therefore, based on the loess terrain and landscape features, the 
theory and methodology of landscape ecology could be applied 
to study the spatial structure of slope distribution. 

II. MATERIAL 

A simulated loess watershed, where the loess material and 
relief properly represent the true loess surface, is adapted to 
investigate the variation in slope landscape with loess watershed 

evolution. The evolution of the simulated loess watershed was 
driven by the exogenetic force of artificial rainfall. For a period 
of three months, twenty artificial rainfall events with different 
intensities and durations were carried out. In the process, nine 
DEM data sets, each with 10 mm grid resolution, were 
established by the method of close-range photogrammetry [10]. The 
slope types were then classified base on these DEMs with the 
way of object oriented classification (Fig.1) [10, 11]. Then five 
landscape indices, including Mean patch area (AREA_MN), 
Perimeter-Area Fractal Dimension (PAFRAC), Interspersion and 
Juxtaposition Index (IJI), Patch Cohesion Index (COHESION), 
are applied to quantify the slope landscape. 

TABLE I.  GEOMETRIC FEATURE OF SIX SLOPE TYPES (ND 

MEANS NO DEFINITION) 
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III. RESULT AND DISCUSS 

Fig. 1 shows the distribution of the slope map-patch indices at 

different stages at class level, which can depict the spatial 

structure of the patches for different slope classes.  

1) Relative size and shape of patches: 

AREA_MN of the slope patch was found to have a sudden 
decrease with continuing rainfall. The peak value of the curve 

falls in the interval between 0.8 and 3.5 cm2, which reveals a 

high sensitivity of original loess surface to irreversible 

accelerated erosion. Overall, Fig. 1-a shows that the relative size 

of the patches is rather small, while the heterogeneity degree is 

high. PAFRAC at different stages varies from 1.17 to 1.83. 

Following the increase of the slope, PAFRAC of the simulated 

watershed shows the same trend, as does the complexity of the 

patches. The aforementioned variation of the slope patches 

indicates that once the rainfall erosion began, the original 

smooth loess surface became more complicated, i.e., the 

increasing surface roughness and gully enlargement accelerated 
headward erosion.  

2) Spatial structure of patches:  
An IJI value approaching 0 indicates that the target patch type 

is spatially adjacent to only one other patch type, and that the 
number of patch types increases. An IJI value equal to 100 
represents spatially adjacent patch types that are equal in length, 
i.e., the possibility of adjacent patches is equal. IJI at slope 
gradients of 27- 60° are bigger than at other slope classes, 
showing that slope patches in hillslope areas are more dispersed 
than in flat areas, e.g., valley areas and interfluve areas. This 
reveals the phenomenon that gully headward erosion enlarges the 
degree of fragmentation in the simulated watershed. COHESION 

of all stages almost changes from 70-100%. To most stages, the 
minimum values appears at slope 39-54°which shows that in high 
relief areas, the degree of slope patch fragmentation and 
dispersion are high. This indicates that the continuity of the 
origin loess surface will change quickly following the watershed 
evolution driven by rainfall erosion. 

 

 

 

 

Figure 1.  Comparison of slope landscape indices in different stages 

Fig.2 shows slope patch structure of different stages at 

landscape level. Four indices show different variation patterns 

that could be classified into two groups. One group includes 

PAFRAC and IJI，which shows rising tendency on a global 

level following the evolution of the simulated watershed. 

Another group, including AREA_MN, and COHESION, shows 

opposite trend with the first group. The PAFRAC and IJI in the 

early period are smaller than in the later period, while the 
AREA_MN and COHESION in the early period are greater than 

in the later period. This suggests that, in the early period of 

simulated watershed, fragmentation of the patches of slope class 
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is rather small, the slope patches distribution is consecutive, and 

the patch shape is more regular than in the later period. The 

loess surface in the early period is smooth, so the AREA_MN is 

larger than in the later stage. This also suggests that, in the early 

period, fragmentation of slope patches is large, the patches 

distribute connectively, and the patch shape is more regular than 

in the later stage. Actually, PAFRAC at different stages show 

little difference (ranging from 1.314–1.576), which indicates 

comparability of the patch shapes in general. This is the same as 

the indices at class level. All the indices vary following the 
evolution of the simulated watershed. 

 

 

 

Figure 2.  Slope landscape indices at landscape lever 

ACKNOWLEDGMENT 

Thanks for financially support from the National Natural 
Science Foundation of China (No.41171299). 

REFERENCES 

[1] Zhang Z.H. Regional geologic and physiognomy characteristic as well as 

contemporary erosion process of loess plateau. Acta geologic sinica, 1981, 

55(4), pp.308 – 319.  

[2] Chen W.N. Statistical analysis of gepmorphic conditions effection loess 

erosion in loess ridge-hill gully region. Scientia Geographical Sinica, 1988, 

8(4), pp.323-329. 143  

[3] Li Q., Lu Z.C., Yuan B.Y. Quantitative study of the stage of 

geomorphological evolution. Acta geographica sinica, 1990, 45(1), pp.110- 
120.   

[4] Ma X.Z., Lu Z.C., Jin D.S. Evolution and pissipative structure in the 

drainage-geomorphic system. Acta geographica sinica, 1993, 48(4), 
pp.367-376.  

[5] Jin D.S. Experiment and simulation in geomophology. Beijin, Earthquake 

150 Press, 1995. 151  

[6] Zhang L.P. and Ma Z.Z. The research on the relation between gully density 

and cutting depth in different drainage landform evolution periods.  
Geographical research, 1998, 17(3), pp.273-278.  

[7] Xiao X.N., Cui L.Z., Wang C., et al. Analysis of spatial data for simulating 

the development process of topographic feature of watershed. Scientia 
geographical sinica, 2004, 24(4), pp.439-443. 

[8] Tang G.A., Li F.Y, Liu X.J. et al. Research on the Slope Spectrum of the 

Loess Plateau. Science in China Series E: Technological Sciences, 2008, 

51(Supp.1), pp.175-185.   

[9] Zhou Y., Tang G.A., Yang X. et al. Positive and negative terrains on 

northern Shaanxi Loess Plateau. Iournal of geographical sciences, 2010, 
20(1), pp.64-76.  

[10] Cui L Z (2002). The Coupling Relationship between the Sediment Yield 

from Rainfall Erosion and the Topographic Feature of the Watershed. 

Doctoral dissertation of Northwest Agriculture & Forest University, 
Yanling (in Chinese)  

[11] Dragut L. and Blaschke T. Automated classification of landform elements 
using object-based image analysis. Geomorphology, 2006, 81, pp.330-344.  

[12] Zhao Mingwei, Li Fayuan, Tang Guo’an. Optimal Scale Selection for 

DEM Based Slope Segmentation in the Loess Plateau. International Journal 

of Geosciences, 2012, 3(1): 37-43  

 Li and Zhao


