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               Erosion control or flood protection measures are frequently designed according to discharge or 
volume of surface outflow. To estimate these values, it is necessary to know the depth and velocity of 
surafce outflow, which are functions of total precipítation, respectively of rain intensity, slope angle and 
slope length, soil characteristics and land use as well as of soil surface roughness.  
               The roughness value is defined as rate of disturbance or irregularity of the soil surface at such a 
scale which is generally too small to be captured by conventional topographic maps. 
Romkens and Wang make a distinction between four types of roughness: 
1. Micorelief variations, which are due to individual grains  or micro-aggregates, 
2. Random roughness, which is related to soil clodiness 
3. Oriented roughness, which describes the systematic variations in topography due to farm implements 
4. Higher order roughness, representing elevation variations at the field, basin or landscape level. 
 

               Random roughness is calculated as standard deviation (SD) 
from surface irregularities by microrelief meter (which was designed 
to measure surface elevations on a 2 by 2 inch grid, respectively 
5,08 cm grid), or pin-meter used to measure soil height every 2 cm.  
               Recently, this method is replaced by photogrametric 
measurement resulting in point clouds (XYZ), which describe given 
surface disturbances with very high resolution (under 1 cm). To this 
effect were utilized camera for scanning – Canon EOS 5D Mark II, as 
well as software for scoring – Photomodeler Scanner 2011. 

Figure 1: Study area (near city of Nitra, Slovakia) 

Figure 2: Microrelief meter (Allmaras, 1966) 

Figure 3: Pin-meter (Podmore and Huggins, 1981) 

where: 
xi is the elevation measurement at point i,  
Z(x) is the elevation at location x, 
Z is the averegate value of set {Z(xi)} 
N is the number of data points. 

Figure 4: Canon EOS 5D Mark II Figure 5: Orthogonal view  from before and from above (Photomodeler Scanner 2011) 

Figure 6: Calculate of random roughness – land (3 by 3 m) after spade  

Number of points: 91 299 

Number of points: 74 037 

Figure 7: Calculate of random roughness – land (3 by 3 m) after settlement  

SD = 0,0257 

SD = 0,0122 

               For estimate of surface outflow characteristics (velocity, depth) we 
have used Manning or Bazin hydraulic roughness coefficients. Regression 
equation for predicting Manning roughness (n) was obtained using data from 
the six tillage treatments by Giley, Finkner (1991). 
 

𝑛 =
(0,172 .𝑅𝑅𝑜)0,742

𝑅𝑛0,282  

 
where: 
RRo is the random roughness immediatly after tillage [mm] 
Rn is the Reynolds number. 
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               Calculate of surface outflow velocity (v) we realize by Chézy equation, 
which we can modify for conditions of surface outflow. 
 
                                          𝑣 = 𝐶 𝑅. 𝑖𝑜 = 𝑖𝑜 0
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where: 
C is the Chezy discharge coefficient  
R is the hydraulic radius 
Io is the slope angle 
y – exponent. 
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