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Abstract. The relationships between interrill soil erosion rate and several environmental characteristics including slope steepness, soil shear strength, median particle diameter, clay content, and rainfall intensity were evaluated in this study. A programmable rainfall simulator was modified and applied for artificial rainfall simulation. Soil samples collected from six representative Taiwan sites were sieved and remolded in test pans for tests. Rainfall simulations were repeated on the six soil types at the slope steepnesses of 10%, 25%, 50%, and 100% and rainfall intensities of 35, 60, 90 and 120 mm hr -1 . Measurements conducted after rainfall simulation included sieve analysis, fall cone shear strength tests, and interrill soil erosion analysis. Based on the data, statistical equations for estimating interrill soil erosion rate from the parameters of rainfall intensity, soil shear strength, clay content (or median particle diameter), and slope steepness were established with good correlations (R 2 > 0.89). In this study, it was also found that the conventional relationship between interrill soil erosion rate and rainfall intensity could only be applied to slopes less than 25%. For steeper slopes, the exponential value reduces to between 0.78 and 1.72. As for the effect of slope steepness on interrill soil erosion rate, a critical slope steepness was found. For slope steepness below this value, the interrill soil erosion rate increases more slowly while the slope is greater. However, for slope steepness beyond this value, interrill soil erosion rate decreases with slope steepness. 
Keywords . Interrill soil erosion, Rainfall intensity, Rainfall simulation, Slope, Soil property. 

The rate of interrill soil erosion relates to factors such as slope steepness, rainfall intensity, and soil properties. The overall erosion process has been recently separated into interrill and rill sub-processes. This has brought out an effective estimation of the rate of interrill soil erosion. 

The over-development of land has worsened the problem of soil erosion, which has in turn reduced agricultural productivity and increased non-point source pollution in reservoirs. Steep lands (in some cases greater than 100% gradient) are commonly cultivated in Taiwan and many other areas, such as Latin America, eastern Africa, and the Himalayas; thus it is necessary to carry out a thorough study on interrill soil erosion at steep slopes. 

The present study, based on simulated rainfall erosion tests on remolded soil samples from six different sites, attempts to establish a statistical equation for estimating interrill soil erosion rates with slopes up to 100% gradient. 

Literature Review 

Interrill soil erosion can be defined as an erosion process that results from mechanical forces such as rainfall impact, splash, and water film transport, and that occurs in the region between two rills (Meyer, 1981). Rainfall impact has been found to be the main contributor to interrill soil erosion (Meyer and Harmon, 1984). The mechanisms of rainfall impact can be considered as transfer and redistribution of dynamic energies from raindrops to surface soil particles in contact with the raindrops, thereby inducing separation of soil particles and their transport by surface runoff (Liebenow et al., 1990). Foster et al. (1977) first developed a physical model for the mathematical relationships between interrill soil erosion and three erosion factors, including potential of rainfall impact, interrill flow, and slope steepness. In the last two decades, the relationships between interrill soil erosion and these and other factors have been extended and improved. In general, rainfall intensity, slope steepness, and soil properties have been found to be of most importance and should be addressed in greater detail. In many studies, such as those by Neal (1938), Foster et al. (1977), Foster (1982) and Watson and Laflen (1986), equations similar to eq. 1 were used to indicate interrill soil erosion rate ( D i ) as: 

D i = K i S f I p (1) 

where K i is the interrill soil erodibility factor, I is rainfall intensity, S f is an interrill slope steepness factor, and p is an exponent. 

Rainfall Intensity 

In early studies, the effects of rainfall intensity ( I ) on soil erosion have been expressed in mathematical forms of I 1.5 (Ekern, 1954) and I 2.2 (Neal, 1938). Rainfall intensity has also been found to promote splash erosion in a fashion of I 1.1 (Smith and Wischmeier, 1957). A more general statistical equation was developed by Meyer (1981) wherein the relationships between interrill soil erosion rate ( D i ) in g m -2 s -1 and rainfall intensity in mm hr -1 could be expressed exponentially as: 

D i = a I p (2) 

where a and p are the coefficient and exponent of best fit, respectively. It was also found that p is equal to 2 for soils with <20% clay content and decreases with an increase of clay content. Above 20%, however, this formula was not in agreement with the findings obtained from regression analysis by Watson and Laflen (1986), wherein the relationship should be described in a fashion that D i is proportional to I 1.68 . 

Slope Steepness 

In general, the interrill slope steepness factor ( S f ), expressed in sine function of the surface slope ( ? , degree), is used to describe the relationship between soil erosion and slope steepness. Two statistical equations for S f have been developed by Singer and Blackard (1982) for silty clay loam soil (eq. 3) and loam soil (eq. 4) respectively, used in their study with slopes of 3-50%: 

S f = a sin 2 ? + b sin ? + c (3) 

S f = a sin 3 ? + b sin 2 ? + c sin ? + d (4) 

where a, b, c, and d are fitted constants. 

Watson and Laflen (1986) studied three different soil samples with slopes of 10-50% and found that the relationship between slope and steepness factor can be described as: 

S f = a sin b ? + c (5) 

where a, b, and c are fitted constants. 

Liebenow et al. (1990) developed a new equation with the analyses of experimental data from four studies in literature with slopes of 52% or less and it can be expressed as: 

S f = 1.05 - 0.85 exp (-4 sin ? ) (6) 

Grosh and Jarrett (1994) performed interrill soil erosion tests of one soil sample with slopes varied from 5% to 55%. The results indicated that the equation can be expressed as: 

S f = a + bs (7) 

where s (%) is the slope of the surface while a and b are fitted constants. From eq. 3 to 6, it can be found that there is a reduced effect of slope steepness on interrill erosion as the slope increases. Foster (1982) hypothesized that this trend is attributable to transport-limiting conditions. Aside from these, Fan and Lovell (1988) found that increasing slopes resulted in the reduction of interrill soil erosion rates when slopes were 20% and higher. 

Soil Properties 

Several studies relating interrill soil erosion with soil properties are also found in the literature. Wischmeier and Smith (1969) revealed that resistance of soil to erosion is strongly related to soil properties, including soil texture, cohesion strength, and aggregate state. Agarwal and Dickinson (1991) studied the sediment transport capacity of interrill uniform flow and found that this capacity was significantly related to the median particle diameter (d 50 ). The interrill soil erosion was found to be related to soil shear strength (Watson and Laflen, 1986; Bradford et al., 1987) and clay content (Meyer, 1981; Al-Durrah and Bradford, 1982; Elliot et al., 1989). Additionally, the splash erosion from one single raindrop was also related to soil shear strength (Cruse and Larson, 1977; Al-Durrah and Bradford, 1981). 

Soil erosion is severe on the Taiwan Island and other tropical areas around the world with steep slopes, young stratrigraphics, and heavy precipitation. It has been an urgent problem to deal with. Although numerous studies have been conducted and published relating interrill soil erosion to environmental factors and the formulas mentioned above can be used for estimating interrill soil erosion, a limitation occurs because most of the research focused on conditions with slopes of 50% or less. As a result, the application of these formulas to soil conditions in Taiwan and similar areas with steep slopes is questionable. Therefore, extensive study of the phenomena is of great importance. In this study, erosion tests by artificial rainfall simulations with soil samples collected in Taiwan were performed. Consequently, an innovative mathematical formula for estimating interrill soil erosion with surface slopes up to 100% was sought based on the combination of results from experimental tests and models obtained from literature. 

Materials and Methods 

Sample Collection and Preparation 

Soil samples were collected from the Ap horizons of six different sites in Taiwan to represent a range of soil types. Table 1 lists the measured soil characteristics of these soil samples. The samples were transferred to the laboratory and air-dried. Then, the samples were passed through a 2 mm sieve to remove rocks, large particles, and debris. The samples were then remolded in a stainless steel test pan with dimensions of 500 mm by 750 mm by 200 mm in depth. 

Table 1. Soil characteristics. 

	Sample 
	Soil type 
	Particle Size Distribution 

(%) 
	d 50 
( ? m) 
	t 

(KN m -2 ) 

	
	
	Clay 
	Silt 
	Sand 
	
	

	A 
	Silty Clay Loam 
	34.6 
	57.1 
	8.3 
	4.8 
	3.08 

	B 
	Silty Loam 
	8.4 
	54.8 
	37.8 
	31.0 
	6.62 

	C 
	Silty Loam 
	12.8 
	71.2 
	16 
	15.5 
	2.96 

	D 
	Sandy Loam 
	1.8 
	39.6 
	58.6 
	86.5 
	6.77 

	E 
	Silty Loam 
	8.8 
	63.8 
	27.4 
	22.0 
	3.63 

	F 
	Loam 
	8.8 
	48.5 
	42.7 
	29.1 
	5.98 


The remolding procedures were: (1) filling a layer (100 mm) of coarse sand in the bottom of the test pan, followed by filling the pretreated soil sample to the top of the test pan, and then the sample was leveled; (2) wetting of the soil sample by transferring water from the drainage hole in the bottom of the test pan by gravity for 24 hours; (3) draining out water from the test pan; and (4) resting the sample at a slope of 12% for 120 days. 

Simulated Rainfall Erosion Tests 

The rainfall simulations for the artificial rainfall erosion tests were achieved with a modified artificial rainfall simulator originally developed by Fan and Lovell (1987). The simulator consists of an array of nozzles (Veejet 80100) that can produce raindrops with mean and maximum diameters of 2.26 mm and 3.79 mm, respectively, and kinetic energy per unit of rainfall (e) of 0.2092 Mj ha -1 mm -1 (or 793 ft tonf acre -1 in -1 ) at a pressure of 4.22 T m -2 and separation gaps of 2.44 m in both directions of the horizontal plan (Fan and Wu, 1996). The calibration tests indicated that the distribution of rainfall intensities over the test pan was relatively even with a uniformity coefficient of 93.7% (fig. 1). Meanwhile, good correlation was also found between the average rainfall intensity and measurement points. 
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Figure 1. Rainfall intensity over test pan. 

The simulated rainfall erosion tests were performed with variations of four rainfall intensities (35, 60, 90, and 120 mm hr -1 ), four slopes (10, 25, 50, and 100%), and 6 soil samples to evaluate the effects of each factor. The details of the experimental set-up are illustrated in figure 2. Splash collection plates, 500 mm in height, were installed around four sides of the test pan. The simulated rainfall erosion tests were conducted by allowing only one variable to change, while all the others were maintained at constant values in each test (i.e., synergistic effects of factors were not evaluated). The tests were duplicated at least once if the results of the two runs were relatively consistent. If the discrepancy between two runs was 5% or more, the test was performed a third time at the same conditions. 
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Figure 2. Experimental set-up. 

In each experiment, after the soil pan was adjusted to the desired slope steepness, the height of the rainfall simulator was re-examined and adjusted prior to the test to ensure the average distance for the nozzles to the soil surface was exactly 2.44 m. The sample was pre-moisturized with a rainfall intensity of 25 mm hr -1 for 30 minutes followed by a resting period of 5 minutes. Subsequently, four simulated rainfalls with four different intensities were applied randomly with a duration of 15 minutes, and before the rainfall intensity was changed, the simulated rainfall was stopped for 5 minutes. Actual intensities were recorded and used in all data analyses. Soil particles mobilized from surface runoff and splash were collected and oven-dried for measurements immediately following the experiment. Right after the erosion tests with the four different rainfall intensities were completed, two undisturbed core samples were randomly collected from the test pan with a thin metal ring of 85 mm in diameter, 55 mm in height, and 10 mm in thickness. These were used for the penetration test in saturated conditions. The average of the results from the penetration test that had been conducted six times with the Swedish Fall-Cone method (Al-Durrah and Bradford, 1981) was used to calculate the shear strength of surface soil at undrained conditions. 

Data Analyses 

Two hundred and eighteen sets of effective experimental data including results in duplicate or triplicate were obtained from the simulated rainfall erosion tests. The data collected under the same conditions were averaged to achieve a total of 96 sets (6 different soils ׍ 4 different slope steepnesses ׍ 4 different rainfall intensities) of erosion data consisting of the measurements of soil shear strength, sieve analysis, and the dry weight of total soil eroded (the sum of runoff erosion and splash erosion) in various conditions. 

Since no rill was observed in the sample surface during all tests, it is reasonable to assume that erosion was independent with the slope length (Foster, 1982; Meyer and Harmon, 1989). Therefore, the erosion was further normalized to the slope length that gave a horizontal projection of 500 mm by assuming a linear normalization factor (1/cos ? ) (Grosh and Jarrett, 1994). 

A nonlinear least squares procedure with the application of the Gauss-Newton method was applied to evaluate the importance of the model parameters. A simple linear regression was used to estimate the coefficients of the model parameters. 

Results and Discussion 

The Effects of Rainfall Intensity and Slope 

The experimental data from this study were grouped by soil and slope, and nonlinear regression analysis was used to estimate parameter values for eq. 2. The results (table 2) showed that while the slope steepness was 10%, the best fit for the power ( p ) of rainfall intensity was between 1.35 and 2.11. They were very similar to the results of the previous studies by Meyer (1981), Watson and Laflen (1986), and Guy et al. (1987). When the slope steepness was greater than 25%, only soils D and F had a p value ranging from 1.43 to 1.72. However, for the other four soils, soils A, B, C, and E, the best fit for the power of rainfall intensity was as low as 0.78 to 1.29. This showed that while the slope steepness was greater than 25%, the power of rainfall intensity (which reflected the effect of rainfall intensity on interrill soil erosion) proposed by previous researchers seemed to be too high. 

Table 2. Parameter estimation [a] for the model D i = K S I p . Values in parentheses are standard errors. 

	Slope 
	Soil 
	D i = K S I P 

	
	
	K s 
	p 
	R 2 

	10% 
	A 
	0.49 
	(0.20) 
	1.80 
	(0.09) 
	1.00 

	
	B 
	0.17 
	(0.07) 
	2.11 
	(0.08) 
	0.99 

	
	C 
	4.93 
	(3.69) 
	1.50 
	(0.16) 
	0.99 

	
	D 
	0.11 
	(0.05) 
	2.11 
	(0.10) 
	1.00 

	
	E 
	9.17 
	(3.52) 
	1.35 
	(0.08) 
	1.00 

	
	F 
	2.19 
	(2.47) 
	1.43 
	(0.25) 
	0.97 

	
	Average 
	
	
	1.72 
	
	

	25% 
	A 
	7.79 
	(2.79) 
	1.29 
	(0.08) 
	1.00 

	
	B 
	48.9 
	(18.7) 
	0.95 
	(0.08) 
	0.99 

	
	C 
	167. 
	(67.5) 
	0.78 
	(0.09) 
	0.98 

	
	D 
	4.88 
	(1.44) 
	1.43 
	(0.07) 
	1.00 

	
	E 
	69.8 
	(14.4) 
	0.97 
	(0.05) 
	1.00 

	
	F 
	1.04 
	(0.81) 
	1.72 
	(0.17) 
	0.99 

	
	Average 
	
	
	1.19 
	
	

	50% 
	A 
	16.1 
	(11.5) 
	1.16 
	(0.16) 
	0.98 

	
	B 
	75.8 
	(8.96) 
	0.81 
	(0.03) 
	1.00 

	
	C 
	132. 
	(53.6) 
	0.86 
	(0.09) 
	0.98 

	
	D 
	3.13 
	(1.22) 
	1.64 
	(0.08) 
	1.00 

	
	E 
	32.7 
	(8.72) 
	1.16 
	(0.06) 
	1.00 

	
	F 
	4.01 
	(3.16) 
	1.47 
	(0.17) 
	0.98 

	
	Average 
	
	
	1.18 
	
	

	100% 
	A 
	65.1 
	(7.80) 
	0.93 
	(0.03) 
	1.00 

	
	B 
	67.7 
	(18.6) 
	0.80 
	(0.06) 
	0.99 

	
	C 
	77.0 
	(32.9) 
	0.97 
	(0.09) 
	0.99 

	
	D 
	4.07 
	(1.66) 
	1.62 
	(0.09) 
	1.00 

	
	E 
	58.9 
	(11.2) 
	1.03 
	(0.04) 
	1.00 

	
	F 
	4.17 
	(2.24) 
	1.47 
	(0.12) 
	0.99 

	
	Average 
	
	
	1.14 
	
	

	[a] D i in g m -2 hr -1 
I in mm hr -1 


To investigate the effects of slope steepness on interrill soil erosion rate, the figure of interrill soil erosion rate versus slope steepness for six different soils with four different rainfall intensities was plotted as shown in figure 3. In this figure, it shows that for most soils, while the slope steepness increases the increase rate of interrill soil erosion rate becomes lower. The reasons for this phenomenon are as follows: while the slope is steeper, the contacted area of the raindrop impacting the soil surface is larger, the normal force acting on the soil surface is less, i.e., the normal stress due to raindrops acting on the soil surface is less, and, accordingly, erosion rate caused by splash is less. Furthermore, according to the study by Mutchler and Hanson (1970), while the water depth is less than 0.3 drop diameter, the force impacting on the soil surface increases with the water depth. During interrill soil erosion test in this study, it was found that the water depth was less than the 0.3 median water drop diameter. Therefore, while the slope was steeper, the water depth became thinner; although the velocity of sheet flow was also greater, the interrill soil erosion rate might be less. Much more than this, for soil B and C, when the slope steepness was beyond a specific (or critical) value, the interrill erosion rate decreased while the slope steepness increased. Similar results are also found in the previous studies by Fan and Lovell (1987, 1988). In addition, a conceptual model was proposed by Foster (1982) that at steeper slopes, detachment limits sediment delivery, resulting in a lower increase or possibly a decrease in soil loss with slope steepness. 
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Figure 3. Relationships of interrill erosion rate to slope. 

The Effects of Soil Properties 

To incorporate the soil properties into the statistical equation for estimating the interrill soil erosion, eq. 2 was modified to form six models of the effects of soil properties on interrill soil erosion for evaluation by regression analysis. Based on the previous studies, the soil properties used for regression analyses were clay content (% clay), median particle diameter (d 50 ), shear strength ( t ), and any two properties in combination. As shown in table 3, for models A, B, and C the coefficients of determination were relatively poor (R 2 < 0.72) in all cases where only one soil property was considered. Nevertheless, for some cases, the R 2 was significantly improved when two soil properties were used. For model D in table 3, when shear strength ( t ) and median particle diameter (d 50 ) were considered, R 2 was >0.88 for all slopes. For model E, when shear strength and clay content were considered, R 2 was found to be >0.82 for all slopes. However, for model F, when median particle diameter and clay content were considered, the R 2 value became lower (0.55 to 0.81). 

Table 3. Parameter estimation [a] for the model including soil properties. Values in parentheses are standard errors. 

	Slope 
	a 
	p 
	b 
	c 
	R 2 

	Model A: D i = a I P t b 
	
	
	
	

	10% 
	4.489 (7.238) 
	1.639 (0.341) 
	-0.711 (0.248) 
	- 
	0.72 

	25% 
	94.34 (93.23) 
	0.976 (0.205) 
	-0.481 (0.200) 
	- 
	0.65 

	50% 
	38.93 (44.47) 
	1.166 (0.243) 
	-0.345 (0.202) 
	- 
	0.64 

	100% 
	57.66 (57.66) 
	1.110 (0.205) 
	-0.401 (0.183) 
	- 
	0.69 

	Model B: D i = a I P d 50 b 
	
	
	
	

	10% 
	1.458 (2.941) 
	1.691 (0.429) 
	-0.053 (0.115) 
	- 
	0.58 

	25% 
	32.53 (38.68) 
	1.053 (0.248) 
	0.003 (0.088) 
	- 
	0.55 

	50% 
	14.76 (17.68) 
	1.206 (0.257) 
	0.089 (0.086) 
	- 
	0.61 

	100% 
	25.09 (27.17) 
	1.132 (0.232) 
	0.043 (0.084) 
	- 
	0.62 

	Model C: D i = a I P (% clay) b 
	
	
	
	

	10% 
	1.110 (2.209) 
	1.688 (0.428) 
	0.055 (0.119) 
	- 
	0.58 

	25% 
	33.18 (37.19) 
	1.054 (0.248) 
	-0.006 (0.088) 
	- 
	0.55 

	50% 
	24.67 (28.39) 
	1.210 (0.250) 
	-0.118 (0.078) 
	- 
	0.63 

	100% 
	34.32 (35.49) 
	1.145 (0.224) 
	-0.112 (0.076) 
	- 
	0.65 

	Model D: D i = a I P t b d 50 c 
	
	
	
	

	10% 
	5.338 (5.690) 
	1.600 (0.223) 
	-1.802 (0.283) 
	0.517 (0.125) 
	0.88 

	25% 
	79.80 (46.93) 
	1.017 (0.122) 
	-1.491 (0.199) 
	0.476 (0.086) 
	0.88 

	50% 
	36.25 (12.77) 
	1.143 (0.075) 
	-1.547 (0.122) 
	0.626 (0.055) 
	0.96 

	100% 
	41.02 (23.24) 
	1.115 (0.119) 
	-1.269 (0.191) 
	0.515 (0.087) 
	0.90 

	Model E: D i = a I P t b (% clay) c 
	
	
	
	

	10% 
	45.88 (64.13) 
	1.612 (0.265) 
	-1.606 (0.323) 
	-0.412 (0.128) 
	0.83 

	25% 
	637.4 (529.0) 
	1.005 (0.150) 
	-1.304 (0.238) 
	-0.381 (0.092) 
	0.82 

	50% 
	598.5 (301.7) 
	1.151 (0.089) 
	-1.383 (0.137) 
	-0.523 (0.053) 
	0.95 

	100% 
	477.8 (232.8) 
	1.127 (0.086) 
	-1.194 (0.130) 
	-0.470 (0.052) 
	0.95 

	Model F: D i = a I P d 50 b (% clay) c 
	
	
	
	

	10% 
	1.131 (3.809) 
	1.688 (0.440) 
	-0.004 (0.526) 
	0.052 (0.543) 
	0.58 

	25% 
	43.77 (110.2) 
	1.051 (0.254) 
	-0.051 (0.413) 
	-0.056 (0.414) 
	0.55 

	50% 
	434.1 (937.6) 
	1.209 (0.239) 
	-0.555 (0.377) 
	-0.640 (0.360) 
	0.68 

	100% 
	7766 (12741) 
	1.178 (0.166) 
	-1.081 (0.289) 
	-1.125 (0.278) 
	0.81 

	[a] D i in g m -2 hr -1 
I in mm hr -1 
t in KN m -2 
d 50 in ? m 

clay % in %. 


From the analyzed results in table 3, it could be concluded that shear strength, median particle diameter, and clay content are all found to be important soil properties in regard to interrill soil erosion rate. Shear strength of the soil will affect the erosion rate caused by splash; median particle diameter will affect the clay content of the soil; and clay content will affect the cohesion of the soil, which may result in a lower soil erosion rate. Among the three soil properties, shear strength is considered the most significant factor in affecting interrill soil erosion rate. In table 3, whether shear strength and median particle diameter together, or shear strength and clay content together, is considered, it is found that the physical mechanisms of interrill soil erosion can be appropriately described. 

The Complete Statistical Equation For Interrill Soil Erosion 

As discussed previously, the statistical equations for model D and model E were established with rather good correlation. The two statistical equations for model D and model E were combined with eq. 3 (in which slope steepness was considered), and the complete statistical equations for estimating interrill soil erosion rate were established with the R 2 values of 0.90 and 0.89 as shown in eq. 8 and 9: 

D i = 16.29 ׍ I 1.15 ׍ (1 + 5.46 sin ? - 4.56 sin 2 ? ) ׍ d 50 0.53 ׍ t -1.44 (8) 

R 2 = 0.90 

and 

D i = 175.9 ׍ I 1.16 ׍ (1 + 5.45 sin ? - 4.45 sin 2 ? ) ׍ (% clay) -0.45 ׍ t -1.30 (9) 

R 2 = 0.89 

where D i is interrill soil erosion rate (g m -2 hr -1 ), I is rainfall intensity (mm hr -1 ), ? is slope angle (degree), d 50 is median particle diameter of soil ( ? m) , t is soil shear strength (KN m -2 ) and % clay is clay content in %. For some soils in the tests shown in figure 3, where the interrill soil erosion rate decreased while the slope steepness increased, eq. 5 to 7 were not used to establish the complete statistical equations. Although eq. 5 to 7 are frequently applied, they are incapable of describing the phenomenon mentioned above. The reason why eq. 4 was not used was that compared to eq. 4, eq. 3 was simpler. The interrill soil erosion rates, estimated from eq. 8 and 9, were further compared with the actual interrill soil erosion rates obtained from experiments. As shown in figures 4 and 5, relatively good agreements were demonstrated between the estimated and actual soil erosion rates. The coefficients of determinations for figures 4 and 5 were 0.90 and 0.89, respectively. An interesting result found for eq. 9 was that the power of the clay content term was negative. This showed that the interrill soil erosion rate decreased when the clay content increased. This result was similar to that found by Meyer (1981). Besides, when the clay content of the soil was added into eq. 8 to do the regression analysis, the R 2 value was found to be 0.90, which was no improvement at all. 
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Figure 4. Predicted vs. actual soil loss rate for all plots by equation 8. 

[image: image5.png]Predicted soil loss rate (g.m™~hr™")

10000

9000

3000

0

0

w00

300

2000

1

0

1000

0 w0 0 W0 @0 0 3w
Measured soil loss rate (g.m2hr')





Figure 5. Predicted vs. actual soil loss rate for all plots by equation 9. 

In summary, several findings that can be revealed and suggested from eq. 8 and 9 are: (1) the erosivity energy will increase with the increase of rainfall intensity thereby increasing erosion; (2) the erosion will increase when the median particle diameter of soil increases due to the higher sediment transport capacity of the uniform flow; (3) the higher the soil shear strength is, the greater resistance against erosion it has; (4) for soils with great clay content, the cohesion of the soils will be great, and will not be very susceptible to detachment and erosion; (5) as for the effect of slope steepness, it is shown in eq. 8 and 9 that the slope steepness factor increases more slowly while the slope steepness becomes greater. Further, a critical slope steepness is found at 75% (eq. 8) or 77% (eq. 9) and beyond this value, the slope steepness factor decreases with slope steepness. 

Conclusions 

Six representative soils in Taiwan were tested at four slope steepnesses and with four rainfall intensities for 96 different conditions and 218 sets of test data. Statistical equations for estimating interrill soil erosion rate were established with good correlation coefficients (R 2 > 0.89). 

The conventional relationship between interrill soil erosion and the square of rainfall intensity ( I 2 ) can only be applied to soil slopes of 25% or less. At slopes steeper than that, the exponential value will reduce to between 0.78 and 1.72. 

The substitution of erodibility by shear strength and median particle diameter together, or by shear strength and clay content together, can properly describe and differentiate interrill soil erosion rate in all cases with slopes from 10% to 100% (R 2 > 0.89). However, when only the soil properties of median particle diameter and clay content are considered, the correlations are relatively lower (R 2 < 0.65). 

The statistical equations indicate a higher interrill soil erosion rate will occur in conditions with lower soil shear strength, larger median particle diameter, less clay content, greater rainfall intensity, and greater slope steepness. As for the effects of slope steepness, a critical slope steepness is found. For slope steepnesses below this value, interrill soil erosion rate increases more slowly while the slope steepness becomes greater. However, for slope steepness beyond this value, interrill soil erosion rate decreases with slope steepness. 
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