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Abstract: Based on the general model of the drainage geomorphology that is in the initial 
developing stage, the developing process of the drainage geomorphology and the dynamic 
character of sediment yield of the different developing stage of the drainage geomorphology 
were studied under the condition of the artificial simulated rainfall. The results showed that the 
developing process of the drainage geomorphology can be defined three stages early stage, 
active stage and stable stage according to the dynamic character of sediment transport rate. 
During the early stage, the drainage geomorphology development takes on the obvious process 
that is from the inordinate phase to ordinal phase, and the variation of sediment transport rate 
and time of different rainfall intensity presents power function. During the active stage, the 
drainage geomorphology development becomes further acute. The difference of the variation of 
sediment transport rate and time of different rainfall intensity is distinct. The variation of 
sediment transport rate and time of 0.5mm/min and 2.0mm/min presents power function 
separately, and that of 1.0mm/min presents exponent function. During the stable stage, the 
drainage geomorphology development becomes slow, and the variation of sediment transport 
rate and time of different rainfall intensity presents quadratic polynomial function. 
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1 Introduction 
 

Drainage area is the basic unit of rebuilding and controlling the eco-environment of the loess plateau. 
The law of its sediment yield and soil loss controlling are always focus that the scientists of soil and water 
conservation study recently. As the important factor of impacting the drainage sediment yield, 
Geomorphology character basing on the modern geological environment is the long-time interaction of 
the material of drainage surface, rainfall and runoff. At the same time, through the transport of sediment 
and water and energy consuming, the development and evolution of drainage area is finished, and the 
erosion geomorphology landscape that is broken and its gully are formed freely. During this course, the 
changing geomorphology shape also has the restricted mechanism to the sediment yield,  and makes the 
sediment yield produce different degree response by some kinds of means such as intensity and velocity. 
So the drainage geomorphology and the sediment yield form a complex, dynamic and coupling system 
that is dependent and restricted each other through the rainfall. 

To the study on this system, the foreign scholars carried out a large of initiate work[1,2,3], for example, 
W. M. Davis, according to the theory of erosion circulation, put forwards the model of geomorphology 
developing stage. R. E. Horton, using quantity analysis methods, put forwards “Horton four law”, and 
basing on R. E. Horton’s idea, A. N. Stranhler put forwards the principle of dividing the level of drainage 
network system. In China , Ai Nanshan[6,7]etc, believes that the small drainage system has the conditions 
of forming the dissipation structure, introduced the method of thermodynamics entropy conception to the 
erosion drainage research and  put forwards the quantitative index to divide an open drainage 
geomorphology growth stage model using the critical erosion integral value(Ei). Ma Xinzhong etc[9],using 
the ways and theory of dissipation structure, analyzed the dynamic mechanism of the drainage 
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system ,built the model of erosion evolution and the variation equation of erosion modulus along the 
drainage area of the drainage geomorphology system in the loess upland ravine zone. Jin Desheng[11,12] , 
through the response model of Developing Process of the Drainage Geomorphology, using simulated 
rainfall, studied on the non-linear relationship between the sediment yield and drainage network 
development, drainage network development of the different material componemt and the sediment yield. 
The results show that  drainage network development and the sediment yield are not uniform in time and 
space, and the process of sediment yield have the character of waving, varying and decreasing. Shi hui 
etc[10], by simulating experiment, using REE that is the trail material ,studied the sediment yield process 
of experimental model ,the position of drainage sediment yield and the source of sediment yield.  

At present, the field research of drainage mostly emphasize on dividing developing stage of drainage 
geomorphology and the condition of the material movement in the macroscopical scale in the historical 
time, and the research span of time and space is large, the simulating study mostly concentrated on the 
process of sediment yield. However the study on the Drainage Geomorphology characteristic of the 
different Developing stage, sediment yield law, and the relationship of interacting, dynamic and coupling 
is few. For this reason, by the simulating experiment, based on the built primary development model of 
the experimental small drainage and artificial rainfall, we start to carry out the quantitative research of the 
developing process of small drainage and sediment yield in different growth stage. Through this study, 
the corresponding research can be more deep developed, and we can provide basic data and theory 
support for the model predicting sediment yield of small drainagel area. 

 
2 Methods  
 
2.1 The designation of drainage model  
 

Based on analyzing the character of typical small drainage geomorphology in loess plateau and field 
surveying, macroscopically statistical character of drainage geomorphology was analyzed and generalized. 
Then the experimental small drainage area in early development stage was designed according to 
resemble theory. The geometrical index of the experimental small drainage area as following: the 
surveying projective area is 31.49m2, longth of drainage is 9.1m, maximum width is 5.8m, perimeter is 
23.3m, basin relief is 3.15m.The figure 1 is the DEM model of original experimental small drainage area. 

 
2.2 The experimental methods 
 

The experiment is carried out by the simulation rainfall hall of State Key Laboratory of Soil Erosion 
and Arid farmland in Loess Plateau. The simulated rainfall equipment is spray downwards and the height 
of sprinkler head is 16m. The soil for experiment is loess in Yanglin. The soil was filled in model after 
sieved through 1cm sieve pore. On the course of filling, the soil is tamped once every 5cm and measured 
soil volume weight every 10cm in order to insure that volume weight of filled soil is about 1.39g/cm3. 
The preparatory experiment is done after filled soil. Based on summarizing preparatory experiment, it is 
carried out to fill soil secondly and design newly geomorphology shape. After second filling, it rains 
about 15 minutes with small rainfall intensity (0.3mm/min) under condition of no flow in order to make 
model subside and stabilized, the soil moisture uniformity, then begin experiment. Three kinds of rainfall 
intensity are designed according to typical and representative principle after analyzing completely natural 
rainfall characteristic in loess plateau. They are 0.5mm/min, 1.0mm/min and 2.0mm/min. Rainfall time is 
90min(60min), 60min(45min) and 30min. According to characteristic of drainage development, rainfall 
time can be adjusted. There are 25 times rainfall altogether in the whole experiment course, 0.5mm/min 
for 11 times, 1.0mm/min for 9 times and 2.0mm/min for 5 times. Before every rainfall experiment, 
rainfall intensity was modulated and soil moisture was measured. Start time of runoff was recorded after 
experiment began. Velocity of runoff was measured with dyeing way in main channel and branch channel. 
The sample of sediment was collected from exit of main channel every 1minute. At the same time, water 
level was recorded in collecting water pool. After the end of experiment, the volume of every sample was 
measured with measuring cylinder and dry weight of sediment was measured by drying. Then sediment 
concentraten was calculated. According to water level of collecting pool that was recorded in experiment 
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course, runoff volume of whole drainage for 1 minute was calculated. Then using sediment concentraten 
of sample, sediment yield of whole drainage in 1minute for different rainfall intensity can be get. 

 
3 Results and analysis 
 
3.1 The developing stage of drainage geomorphology  
 

The dynamic variety characteristic of average sediment transport rate for every rainfall was showed 
in Fig. 2. Fig. 2 illustrates that dynamic variety of average sediment transport rate presents generally 
uniform trend under three different rainfall intensity. From the start variety range and difference of 
average sediment transport rate under different rainfall intensity. Then variety range increases obviously 
and average sediment transport rate reached rapidly maximum. After that, it descended slowly and effect 
of rainfall intensity on drainage sediment yield and geomorphology development strengthened more then 
fell. According to dynamic variety characteristic of average sediment transport rate of every rainfall, the 
developing stage of experimental small drainage geomorphology can divide into early stage, active stage 
and stable stage. The Fig. 3, Fig. 4 and Fig. 5 are the DEM model of the geomorphology of the 
experimental drainage area of corresponding stage. 

 
3.2 The character of sediment yield 
 

According to dividing result about developing process of drainage geomorphology, we analyzed 
variety characteristic of average sediment transport rate in different rainfall intensity for every developing 
stage. The result shows that variety of average sediment transport rate in different rainfall intensity for 
every developing stage has prominent difference. In developing early stage, variety of average sediment 
transport rate with time of different rainfall intensity (0.5mm/min,1.0mm/min and 2.0mm/min) is 
basically consistent, and they present power function.(Fig. 6) .In developing active stage, variety of 
average sediment transport rate with time of different rainfall intensity is quite different. 0.5mm/min and 
2.0mm/min rainfall intensity present power function (Fig. 7 ,8), but 1.0mm/min presents exponent 
function (Fig. 9). In developing stable stage, variety of average sediment transport rate with time of 
different rainfall intensity trends consistent. They present quadratic multinomial. 

 
4 Conclusion 
 

(1) The developing process of drainage geomorphology and sediment yield is a dynamic system that 
is correlative. 

(2) The developing process of drainage geomorphology shows obviously stage. According to 
dynamic variety of sediment transport rate, it can be divided into early stage, active stage and stable stage. 

(3) In different stage, variety of sediment transport rate is obviously different for different rainfall 
intensity. In developing early stage, average sediment transport rate with time presents power function. In 
active stage, that of 0.5mm/min and 2.0mm/min rainfall intensity present power function, but 1.0mm/min 
presents exponent function. In stable stage, it presents quadratic multinomial. 
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NOTE: The following figures are all what this paper adopts. When you reedit my paper, you may select 
right position for the corresponding figures Which I have given the serial number. 

 

Fig. 1 The DEM model of the original experimental small drainage area for experiment 

 
Fig. 2 The dynamic variation of the average sediment transport rate of the every rainfall 
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Fig. 3 The DEM model of early stage of the geomorphology of experimental small drainage area 

 
Fig. 4 The DEM model of geomorphology of the experimental small drainage area in active stage 

 
Fig. 5 The DEM model of geomorphology of the experimental small drainage area in stable stage 

 
Fig. 6 The variation of sediment transport rate and time of the experimental 

small drainage area in early stage(0.5mm/min) 
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Fig. 7 The variation of sediment transport rate and time of the experimental 

small drainage area in active stage(1.0mm/min) 

 

Fig. 8 The variation of sediment transport rate and time 
of the experimental small drainage area in active stage(2.0mm/min) 

 
Fig. 9 The variation of sediment transport rate and time 

of the experimental small drainage area in stable stage(2.0mm/min) 
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