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ABSTRACT


Soil surface roughness is an important factor in preventing runoff generation and soil erosion by providing micro-catchments for rain. Random roughness (RR) is the most frequently quoted roughness index. The evaluation of maximum depressional storage (MDS), i. e. the absolute water volume which can be stored in surface before water runoff starts, is needed to calculate soil erosion and also may improve modelling at the catchment scale. The microrelief of 66 different plots, ca. 1.80 m2 in area, was determined using a pinmeter, by measuring surface elevations at 20 mm grid intervals. After slope trend removal, data sets were analysed to determine random roughness and storage capacity. RR fluctuates between 10,08 mm and 50,98 mm. MDS values were highly variable, depending on boundary conditions used for modelling, so that the drainage pattern imposed for depressions located at the plot border was found to be particularly important. The storage capacity calculated taking into account the effect of depressions running into the plot border was more than twice the quantity obtained if free drainage conditions were assumed. Regression analysis of MDS on RR showed that, for the studied data set, predictions of storage capacity based on random roughness are not reliable.

INTRODUCTION

Surface micro-topography is an indicator of soil structure and is also a factor in preventing water erosion by providing micro-catchments for rain. On agricultural land soil surface roughness is influenced by several factors such as tillage, vegetation, soil type and previous amount and intensity of rainfall (Allmaras et al., 1966; Zobeck and Onstad, 1987) and may be influenced by less dominant factors such as freeze-thaw cycles and wind (Hansen et al., 1999). Surface roughness is of great importance for the sealing of bare soil caused by erosive rainfalls. A greater surface roughness also increases the infiltration capacity. Both processes reduce surface runoff and erosive soil loss.

The properties of the soil surface and plough layer are subject to rapid spatial and temporal changes. Tillage operations result in abrupt changes in roughness, depending on the type of tillage. It is recognised that right after tillage a large roughness is often associated with a high infiltration capacity, so that no runoff is generated.

Generally rougher surfaces store more water than smoother surfaces and steeper slopes store less water than gentle slopes (Moore and Larson, 1979; Ullah and Dickinson, 1979a, b; Onstad, 1984; Hansen et al., 1999). Thus, a smoothly tilled surface has little depression storage, causing greater runoff, which is more evident by soils where a surface seal develops. 

The predominant roughness measure for studies of microrelief in relation to runoff is the so-called random roughness (RR). The need to measure a non-random component of roughness has also been recognized (Bertuzzi et al., 1990; Vivas Miranda, 2000)

Storage capacity, here referred to as Microrelief Depressional Storage (MDS) is a parameter that can be utilised in soil conservation and water balance management. For example, soil depressional storage is taken into account for water balance assessment by erosion models such as LISEM (De Roo et al., 1996), EUROSEM (Morgan et al., 1998), and WEPP (Lane and Nearing, 1989).

However, because depressional storage is difficult to measure, it is usually estimated from roughness indices, the most often used being random roughness (RR). Based on geometrical rules, computer models for calculating MDS in a plot from a grid of elevation measurements have been developed by different authors (Moore and Larson, 1979; Onstad, 1984; Vivas Miranda, 2000 and Hansen et al., 2000). MDS estimations from Digital Elevation Models (DEMs) of the soil surface have been also performed (Ullah and Dickinson, 1979; Huang and Bradford, 1990; Kamphorst et al., 2000). Most of the models used for this purpose, assume conditions of zero infiltration and also that microrelief depressions are virtually filled until the point of overflowing.

In these studies, surface elevations were measured with different grid spacing and vertical resolution. Subsequently, roughness indices and depressional storage were calculated by different methods from the topographic data sets. As a consequence, results can not always be compared.

The main objective of this study was to compare different methods of MDS estimation of medium textured soils prone to crusting. In addition relationships between RR and MDS for these soils were assessed.

MATERIAL AND METHODS

Surface roughness data were obtained from two different experimental fields located at Liñares (Culleredo) and Mabegondo (Abegondo) in A Coruña, Spain. The texture of the Liñares topsoil was sandy loam, while these of Mabegondo was loamy. Both locations the soil underneath consist of schists of the Ordenes basin formation and the soil in both fields can be classified as Humic Dystrudept, according to the USDA soil taxonomy system (Soil Survey Staff, 1975). This region is characterized by a temperate humid climate and rainfall falls mainly from October to April, with annual average value of 1100-1200 mm. The study period was from December 1998 to September 1999 during which microrelief of 66 plots was determined. Elevation measurements were performed by means of a pin board (Lado Liñares and Taboada Castro, 1998) which allow to take point data along a profile. The profiles were registered by means of photographs using a digital camera. Image analysis was applied to obtain point heights. The Profile Meter Program (Wagner, 1992) developed by USDA-ARS Wind Erosion Research Unit of the Kansas State University was utilised for this purpose. The grid measurements have 68 profiles separated by 20 mm. Each profile consists of 68 height measurements spaced 20 mm from each other. Thus, the spacing between recordings was 2 cm along and 2 cm across. The total number of sampled points was 4624 inside each plot and the plot area was ca. 1,80 m2.

The so-called Random Roughness index, or RR, is the predominant roughness measure for studies of micro-topography. However in the literature there is no agreement on a general calculation procedure and RR is defined in different ways (Allmaras et al., 1966 and Currence and Lovely, 1970). In this work original height readings were corrected for slope and afterwards RR was calculated as the standard deviation of the residuals.

Maximum depressional storage (MDS) was calculated from grid elevation data by two different methods and also taking into account two different boundary conditions at the plot border. One of the models used, based on single geometrical rules, is similar to the model used by Moore and Larson (1979), Onstad (1984) and Hansen et al. (1999). A computer program, RETE (Vivas Miranda, 2000) was developed to calculate MDS. Individual depressions are identified by determining its boundaries and singular points such as the lower point and the overflow point and afterwards the storage volume is calculated.

In addition a Digital Elevation Models was used for MDS calculation (Kamphorst et al., 2000). The tool utilised for evaluating water stored in soil surface was a SIG called PCRaster (Van Deursen and Wesseling, 1992). According to this method, depressions from DEMs are filled until the point of overflow.

Boundary conditions have been demonstrated to be important for MDS calculation (Kamphorst et al., 2000). If depressions identified at the plot border were allowed to free drain (open boundaries) MDS values would be underestimated. However, if four closed boundaries of fixed height were considered MDS would be overestimated, because the storage of water in large depressions originated by systematic differences in elevation such as furrows and unidirectional marks would be computed. Kamphorst et al. (2000) proposed a method of MDS determination, which takes into account the effect of depressions originated by random roughness and located at the plot border and at the same time disregard structures due to oriented roughness. According to this method depressions running into the plot border and contributing to water storage can be regarded as features that continue outside the plot boundary and its volume calculated assuming a symmetrical pattern of micro-catchment distribution. In this work two boundary conditions were considered at the plot border: free drainage and absence of running into the plot border, i.e. impeded drainage out of the random depressions at the plot boundary and simultaneously free drainage from pits and hollows created by oriented roughness features such as furrows 

RESULTS AND DISCUSSION

Results of RR index and MDS for the 66 data sets are shown in the table 1. Random roughness fluctuates between 10,08 mm and 50,98 mm with an average of 26.96 mm.

MDS values were highly variable depending on contour conditions imposed for modelling. Mean value obtained with the geometric model called RETE (Vivas Miranda, 2000) was 2.16 mm when free drainage conditions were considered, whereas if depressions at the plot border are taken into account these mean value was as high as 7.46 mm. Mean values calculated by both, RETE model and the model based on a DEM (Kamphorst et al., 2000) with boundary effect were of the same order of magnitude, i. e. 7.46 and 6.63 mm, respectively.

The total volume of water storage calculated by the geometric model RETE assuming free drainage ranged from 0.81 mm to 7.07 mm. These figures are respectively 2.84 mm and 18.65 mm if the boundary conditions are modified so that impeded drainage from the depressions at the border is considered. When MDS is determined from DEMs, the obtained values fluctuated between 1.76 mm and 17.90 mm.

The smallest value of depression storage was calculated for seedbeds, where microrelief variations are mainly due to microaggregates and aggregates in the range up to 1 or 2 cm. On the other hand, differences in elevation caused by plow shares originate unidirectional marks extended over the entire plot and sometimes 150 to 250 mm depth. This type of roughness exhibits high values of MDS even if the large depressions due to oriented roughness were disregarded.

Results of correlation coefficients are shown in table 2. Using free drainage conditions and the geometrical model only 17 % of the MDS variance is explained by RR. Onstad et al. (1984) provided an empirical relationship between RR, MDS and slope taking into account free drainage conditions. Onstad’s empirical relations were developed for soil surfaces with roughnesses between 8 mm and 40 mm and the coefficients of variation were much higher than found in the present work.

Taking into account the boundary effect, higher correlation coefficients between RR and MDS were found. However, a predictive model of storage capacity based on a roughness parameter would contain very important errors due to variability in MDS values for a given RR. Kamphorst et al., (2000) found also that prediction of MDS form RR was unreliable, even if the coefficients of determination of the data set utilised was much higher than in the present work and explained 80% of the variance. 

Correlation coefficients between MDS values calculated by two independent methods, geometric model and GIS, taking into account the boundary effect of the depressions at the plot border were high (r2 = 0.794). In figure 1 it is apparent that the MDS values calculated by these two methods for most of the studied plots are very close; however for 20 out of the 66 experimental plots the differences between MDS values calculated by geometric model and GIS differed by more than 10%. This indicate some differences in the way for evaluating water storage capacity of individual depressions.

	PLOT CODE
	RR 

(mm)
	MDS (Geometric model and free drainage, mm)
	MDS, (Geometric model, boundary effect, mm)
	MDS, (GIS model,boundary effect, mm)

	dtmsp001
	25.38
	1.17
	9.14
	7.50

	dtmsp002
	21.99
	1.34
	2.84
	1.76

	dtmsp003
	50.99
	2.97
	10.99
	10.99

	dtmsp004
	46.43
	2.80
	13.95
	13.95

	dtmsp005
	33.83
	3.14
	6.87
	6.87

	dtmsp006
	42.99
	4.98
	9.34
	15.47

	dtmsp007
	31.87
	3.72
	15.29
	17.90

	dtmsp008
	40.56
	1.74
	17.79
	17.79

	dtmsp009
	33.06
	1.96
	11.97
	9.45

	dtmsp010
	31.86
	7.07
	12.59
	11.83

	dtmsp011
	36.34
	4.11
	11.22
	11.22

	dtmsp012
	36.50
	3.04
	13.90
	12.94

	dtmsp013
	32.56
	3.12
	11.86
	8.47

	dtmsp014
	42.32
	1.78
	18.65
	13.01

	dtmsp015
	35.82
	1.40
	6.65
	5.34

	dtmsp016
	27.27
	1.42
	6.77
	5.99

	dtmsp017
	32.84
	3.26
	11.31
	7.46

	dtmsp018
	32.18
	1.48
	5.66
	5.66

	dtmsp019
	29.70
	1.50
	4.33
	2.22

	dtmsp020
	23.04
	1.20
	4.88
	4.88

	dtmsp021
	34.34
	1.35
	4.37
	3.94

	dtmsp022
	23.54
	1.77
	8.23
	4.42

	dtmsp023
	32.62
	2.73
	11.34
	10.92

	dtmsp024
	36.61
	6.20
	17.16
	11.06

	dtmsp025
	30.89
	2.80
	10.44
	10.44

	dtmsp026
	17.29
	2.41
	8.62
	6.54

	dtmsp027
	15.53
	1.72
	3.43
	2.87

	dtmsp028
	15.96
	1.04
	6.96
	5.59

	dtmsp029
	14.07
	1.45
	4.05
	4.05

	dtmsp030
	37.75
	3.20
	8.78
	8.14

	dtmsp031
	37.38
	3.28
	8.71
	8.71

	dtmsp032
	33.99
	2.65
	7.75
	7.31

	dtmsp033
	30.38
	3.17
	13.61
	13.08

	dtmsp034
	29.43
	3.51
	6.58
	6.34

	dtmsp035
	35.95
	4.12
	9.36
	9.06

	dtmsp036
	24.23
	2.09
	7.53
	4.45

	dtmsp037
	23.26
	1.14
	5.29
	3.35

	dtmsp038
	25.81
	2.84
	6.60
	6.60

	dtmsp039
	18.24
	1.50
	4.37
	3.78

	dtmsp040
	16.68
	2.17
	4.41
	3.50

	dtmsp041
	17.02
	2.48
	6.12
	5.25

	dtmsp042
	22.44
	0.89
	10.34
	5.62

	dtmsp043
	17.81
	1.69
	5.92
	5.92

	dtmsp044
	12.01
	1.22
	2.86
	2.75

	dtmsp045
	10.20
	1.38
	4.64
	3.15

	dtmsp046
	10.08
	1.40
	3.72
	3.72

	dtmsp047
	13.86
	1.63
	5.48
	5.48

	dtmsp048
	13.19
	2.01
	4.64
	3.86


Table 1. Random Roughness (RR) and Maximum Depressional Storage (MDS) values.

	PLOT CODE
	RR

(mm)
	MDS (Geometric model and free drainage, mm)
	MDS, (Geometric model, boundary effect, mm)
	MDS, (GIS model,boundary effect, mm)

	dtmsp049
	11.20
	1.30
	4.67
	4.36

	dtmsp050
	10.89
	1.78
	3.41
	3.41

	dtmsp051
	24.06
	1.10
	5.31
	3.67

	dtmsp052
	36.52
	0.94
	4.66
	4.66

	dtmsp053
	31.84
	1.76
	5.94
	5.92

	dtmsp054
	23.76
	2.40
	4.52
	4.25

	dtmsp055
	20.17
	1.32
	4.10
	3.76

	dtmsp056
	13.36
	1.44
	6.07
	6.07

	dtmsp057
	18.43
	2.35
	5.14
	5.69

	dtmsp058
	14.21
	1.27
	6.76
	5.23

	dtmsp059
	33.96
	0.81
	5.18
	2.22

	dtmsp060
	28.53
	1.65
	3.90
	7.07

	dtmsp061
	38.23
	1.19
	4.03
	4.03

	dtmsp062
	19.10
	1.70
	5.51
	2.90

	dtmsp063
	24.70
	1.36
	4.11
	2.89

	dtmsp064
	25.38
	1.13
	4.27
	4.27

	dtmsp065
	37.23
	1.10
	3.64
	3.64

	dtmsp066
	29.56
	0.83
	4.01
	2.70

	MEAN
	26.96
	2.16
	7.46
	6.63


Table 1 (Continuation). Random Roughness (RR) and Maximum Depressional Storage (MDS) values.

	
	RR index
	RETE

(free drainage)
	RETE

(boundary effect)
	SIG

(boundary effect)

	RR index
	1
	
	
	

	GEOMETRIC MODEL (free drainage)
	0.171
	1
	
	

	GEOMETRIC MODEL (boundary effect)
	0.341
	0.344
	1
	

	SIG (boundary effect)
	0.376
	0.408
	0.794
	1


Table 2. Correlation coefficients between RR and MDS values calculated by different methods
The main criticism to linear regression analysis between RR and MDS lies in that random roughness give no information about the proportion of different aggregate sizes on the soil surface. If one parameter like RR is used to characterize the total surface of the plot, the spatial distribution of surface roughness will be disregarded. As a consequence, surfaces with the same RR may have a different MDS
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Figure 1. MDS calculated by Geometric Model versus MDS calculated by SIG, both taking into account plot boundary effect.
CONCLUSIONS

Coarse-scale measurements of surface elevation combined with estimations of depressional storage by modelling lead to the following conclusions.

(1) The effect of depression located at the boundaries of the micro topographical plot is very important so that the storage capacity calculated taking into account these depressions was more than twice the quantity obtained if free drainage conditions were assumed.

(2) For many surfaces similar results of MDS were obtained by means of two different methods of evaluation, a geometric model and a DEM model. However, important differences between both models have been found for individual plots.

(3) A weak relationship was found between RR and MDS. Consequently, regression between both parameters are not useful in a predictive model.
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