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Abstract

In this study two approaches are presented to model Dominant Runoff production Pro-
cesses (DRP) with respect to regionalization. The approaches have been developed in
the micro-scale experimental Zemmer basin (Germany). The first approach combines
the permeability of the substratum, land-use and slope of the basin in a GIS-based5

analysis. The second approach makes use of discriminant analysis of the physio-
graphic characteristics of the basin and links it to the GIS analysis. The net results were
two maps indicating modelled DRP for the Zemmer basin, which were then compared
to an existing DRP map of the Zemmer basin. Both approaches provided satisfactory
results when compared to this existing DRP map. The first approach was strongly10

linked to the geological conditions of the basin while the second approach revealed
a strong dependence on the topography. Therefore, impermeability of the substratum
and the topography of the basin were used as suitable parameters for modelling domi-
nant runoff processes.

1 Introduction15

Several aspects of runoff formation have been studied in micro-scale basins over the
past years (e.g. Anderson and Burt, 1990; Buttle and McDonald, 2002; McDonnell,
2003; Scherrer et al., 2006; Scherrer, 1997; Weiler et al., 2005; Weiler and Naef,
2003). At the micro-scale (i.e. basins ranging in size from 1 km2 to 10 km2; Blöschl,
1996) runoff generation processes occurring at hill slopes and near-stream areas dom-20

inate basin response to rainfall (McDonnell, 1990; Montgomery, et al., 1997). In many
cases several processes were observed to occur simultaneously at the same site, how-
ever, during prolonged precipitation often one process tends to dominate so that other
processes can be neglected (Scherrer and Naef 2001). Methods to identify the runoff
processes on the plot scale have been developed for example by Peschke et al. (1999),25

Scherrer (1997) and Faeh (1997). Scherrer (1997) and Faeh (1997) conducted sprin-
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kling experiments in Switzerland on grassland hill slopes with varying slopes, geology
and soils, recording soil-water level, soil-water content and soil-water tension. The
outcome of this research formed the basis for developing process decision schemes,
which reflect the complex nature of runoff formation eventually to determine the Dom-
inating Runoff producing Process (DRP) on a soil profile (Scherrer and Naef, 2003).5

The processes thus derived are: Hortonian Overland Flow (DHOF), Saturated Overland
Flow (DSOF), SubSurface Flow (DSSF) and Deep Percolation (DDP). The SOF and SSF
processes are subdivided into DSOF1, DSOF2 and DSOF3 and DSSF1, DSSF2 and DSSF3
respectively. The numbers refer to the intensity with which the processes react to rain-
fall, where 1 represents, relatively seen, the most abruptly changing flow reaction and10

3 represents the most gradually changing flow reaction. However, this approach is time
consuming and more often than not, detailed soil data such as soil- and drainage maps
are not available making it difficult to be applied on a smaller scale. Schmocker-Fackel
et al. (2007) simplified the complex decision scheme of Scherrer and Naef (2003) but
still requires data from detailed soil maps (1:5000) and from geological, land-use and15

topographical maps. The problems connected with this approach are well known, be-
cause normally such detailed soil maps are non-existent.

A combination of GIS-based data and the permeability of the substratum circumvent
the use of detailed soil maps for the regionalization of the above-described DRPs. In
a study of winter storm flow coefficients and their generation Hellebrand et al. (2007)20

proved that the permeability of the substratum can very well be used with regard to
dominant runoff production processes. Moreover statistical analysis of DRPs and basin
characteristics could provide insight into regionalization opportunities without using de-
tailed soil maps. Since soil relief parameters are determinant for soil formation and for
runoff generation (Ticehurst et al., 2007), they are considered as crucial for soil and25

process mapping purposes. Besides other statistical and computational methods, dis-
criminant analysis has been widely used to differentiate and characterise different spa-
tial and soil process units (Kravchenko et al., 2002; Sinowski and Auerswald, 1999).
One of the most important advantages of this linear statistical approach is the fact that
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all developed parameters are interpretable with parameters derived from known data.
With this, it is possible to identify and quantify the differences and similarities of areas
with common (hydrological) behaviour.

The objective of this study is to develop two different models for regionalization of
dominant runoff processes: (i) a simple GIS-based procedure based on slope and5

permeability of the substratum and (ii) a stratified statistical model based on a discrimi-
nant analysis of a large set of GIS-based derivates. In order to determine the validity of
both approaches, their results will be compared to an existing reference map (Schobel,
2005), which reflects the dominant runoff processes of the study area.

2 Study area10

The study area consists of the micro-scale experimental Zemmer basin located in
Rhineland-Palatinate, Germany. Its physiographic basin characteristics, namely land-
use, permeability of the substratum and slope are given in Table 1. The research area
of the Zemmer basin (Fig. 1) comprises the sub-basins of the Grundsgraben basin and
the Schleidweiler basin, situated in the southern part of the Eifel near the village of15

Zemmer.
The municipality of Zemmer consists of four small towns, three of which are situated

on a plateau. The fourth sub-municipality lies in the “Kyll” valley and was subjected
to repeat flooding in the past. Mesozoic sediments of the formations sandstone and
limestone form thin surface layers covering the bedrock of Devonian schist. In higher20

elevated areas, this pattern is covered by tertiary sediments of the Ur-Mosel (rang-
ing from yellow- red- brownish clays to sandy sediments and pebble) as well as by
Pleistocene solifluctional cover and swayed by loess (Walter, 1995). The in-situ loamy-
sandy to loamy-clayey as well as clayey weathered rock of the upper sandstone (so1
and so2) led to the Holocene formation of Leptosols, Regosols, Cambisols and Stagnic25

Cambisols. The areas of the lower limestone formation (mu) which weathered to a fine
grained silty substrate and which lie in higher elevated areas and basins suffer equally
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common from surface gleying (Meynen, 1967). Because of Pleistocene solifluidal relo-
cation processes compacted and impermeable soils developed which are widespread
and further surface gleying. From an agricultural point of view, these soils are only
arable when meliorated sufficiently (Schröder, 1983). The mean annual rainfall for this
basin is about 800 mm/y. The used geological map for the Zemmer basins was the5

map of the south Kyll-Valley on a scale of 1:25 000 (Negendank and Wagner, 1988).

3 Methodology

Two model approaches based on dominant runoff processes with respect to regional-
ization were developed and compared to a reference map. Schobel (2005) generated
this reference map based on the method of Scherrer and Naef (2003) during an in-10

tensive field campaign. In the two sub-basins of the Zemmer basin 15 representative
soil profiles holding information on soil type, soil structure and soil physical properties
and an additional 728 soil drilling points were available (see Fig. 1) for integration into
modelling dominant runoff processes. Furthermore, 16 rainfall simulations in the two
sub-basins provided an additional basis for determining the dominant runoff processes15

in the Zemmer basin (Müller, 2007, 2008).

3.1 Approach 1

Approach 1 makes use of a simplification of the procedure developed by Scher-
rer (1997), Scherrer and Naef (2003) and Scherrer (2006), because the original pro-
cedure requires extensive field campaigns and detailed soil maps, which are often not20

available for GIS-scale basins. The simplification assumes that the DRPs are mainly
dependent on slope and the permeability of the substratum. For the simplified ap-
proach only a DEM, a geological and a land-use map are required as data input. Fig-
ure 2a schematically depicts this approach.

The first processing step is to generate the slope classes as defined by Scherrer25
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(PBS, 2006) from the DEM. The slope classes are: 0–3%, 3–5% 5–20% and >20%.
However, one has to note that the classification according to Scherrer and Naef (2003)
and Schobel (2005) was adapted to allow for comparing both approaches. Therefore,
a fifth class is added (20–40%). Furthermore, based on the DEM GIS analyses are
carried out to generate basin boundaries and the stream network. As a second step,5

the geological substrata of the basins are classified. This classification, which is based
on the assessment of the permeability as suggested by Zumstein et al. (1989), who
classified the infiltration permeability of the substratum with respect to its lithology and
geo-hydrological characteristics such as fractures and porosity obtaining eight different
permeability classes. The classification of Zumstein et al. (1989) was adapted and10

simplified into only two classes: permeable and impermeable. Table 2 lists the DRP
dependency for forest, grass- and cropland with respect to slope and permeability as
assumed in this study and used for the GIS analysis.

As a last step, the permeability layer is linked to the slope classes and the existing
land-use map to determine a dominant runoff process for each of the polygons. The15

result will be a GIS-model that depicts the spatial distribution of the DRPs. Besides
these previously defined criteria, a few additional assumptions have to be made and
applied in the analysis. For urban areas, the DRP is supposed to be DHOF, indepen-
dent of permeability and slope. Furthermore, the DSOF1 process is assumed to have a
very strong resemblance to DHOF and occurs (often) only in near stream areas. Conse-20

quently, the stream network assigned a DSOF1-area, identifying the area of the stream
floodplain that saturates the quickest, depending on the location within the relief. The
result of Approach 1 is a GIS-based model, reflected in the so-called GIS-DRP map
and compared to the reference map (Schobel, 2005).

3.2 Approach 225

Approach 2 uses a statistical assessment of morphometric basin characteristics in
order to model DRPs. For each DRP unit, which were mapped by Schobel (2005),
the same set of morphometric basin characteristics is determined and by means of a
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Canonical Discriminant Analysis (CDA) an optimized separation of DRP units is ob-
tained based on these characteristics. The results of the CDA is a set of functions and
in compliance with these DRPs are modelled. The comparison of the modelled map
with the reference map (Schobel, 2005) forms the basis of the quality control. The fol-
lowing chapters give a more detailed view of the process, which is also schematically5

depicted in Fig. 2b.
First, the reference map (Schobel, 2005) is crossed with the permeability of the

substratum (see Approach 1) to differentiate between DRPs positioned on permeable
and impermeable substratum, thus constructing two different discriminant models.

Next, a second data level was constructed, which consists of a DEM (resolution 20 m10

by 20 m, provided by the government of Rhineland Palatinate) and a set of derivates
generated within the GRASS GIS 6.3.cvs (GRASS Development Team, 2008) soft-
ware paket. The derivates describe the morphology and the slope segments of the
sub-basins by attributing the following morphological characteristics: slope (degrees),
aspect (degrees from east, counter clock-wise), profile curvature (in slope direction),15

tangential curvature (curvature parallel to the contour line), first and second order par-
tial derivates in x and y direction as well as the flow path length and flow path density
(up- and down slope). Additionally, the topographical index and its first and second or-
der partial derivates in x and y direction as well as the steepness (S) and slope length
(LS) factors were calculated.20

To determine the terrain attributes of the different DRP units a univariate descriptive
statistics procedure was applied to each of the DRP units, which includes the calcula-
tion of the number of raster cells in each DRP polygon (n) as well as the calculation
of minimum, maximum, range, mean, standard deviation, variance, coefficient of varia-
tion and the sum of all values corresponding to each raster map generated as derivate25

of the DEM. This data is transformed into a table and then transferred to a statistical
package (SPSS 15.0) for further analysis.

After exclusion of the areas with DHOF1 (these areas are considered to be mainly
determined by buildings and other soil sealing features), 639 data sets will be analyzed
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within the impermeable substratum group and 119 within the permeable substratum
group. For both areas, a CDA is performed independently, considering an exclusion of
parameters when the partial F-value ranges between 2.71 (maximum for rejection) and
3.84 (minimum for admission).

Approach 2 results in 2 statistical models, one for the impermeable and another for5

the permeable areas, in which the DRPs are described by 5 functions defined by the
parameters included according to the conditions mentioned above. A cross-validation
of the defined discriminant functions is performed, where each of the datasets is re-
classified according to the defined models. The resulting map of DRPs based on the
statistical analysis of the morphometric parameters is then compared with the results10

of the reference map (Schobel, 2005).

4 Results and discussion

4.1 Approach 1 (GIS-DRP)

The reference DRP map of the Zemmer basin and its two sub-basins (Grundsgraben
and Schleidweiler) by Schobel (2005) is given in Fig. 3. Figure 4 shows the results of15

Approach 1 as the GIS-DRP map of the Zemmer basin.
The similarity between the GIS-DRP map and the reference map (Schobel, 2005)

was a 77% at the Grundsgraben basin, with 8% of the total area only differing in one
class (e.g. SSF2 instead of SSF3). At the Schleidweiler basin the similarity between
the GIS-DRP and the reference-map was 82% (with 6% only differing in one class).20

The main difference between the maps was found for areas of the upper sandstone
formation (so). This could be related to imprecise geological data input. A second
but minor difference was observed for forested areas with a slope of 3–5%. In these
areas DSSF3 was identified as dominant runoff process (see also Table 2) while DSOF2
occurred during intense rainfall events throughout several years of field observations25

(Schobel, 2005). The DSSF1 for cropland resulting from the newly introduced slope
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class 20–40% further weakened the similarity of the GIS-DRP map with the reference
map. In order to remain as close as possible to the methodology of Scherrer and
Naef (2003) this was tolerated. Near-stream areas also showed differences between
the two maps. Due to the low resolution of the available DEM (20 m by 20 m) the width
of the riparian zone, which produces DSOF1, could not be determined with the basic5

settings of GIS-DRP. By classifying the riparian zone automatically as DSOF1 this prob-
lem can be solved, with the width now depending on the relief and its location within the
stream network. For larger streams, this classification gave good results; however, for
headwaters and accumulation in depressions no proper classification was achievable.
Only more detailed data input (i.e. a higher resolution DEM or a field campaign) can10

solve this classification problem.
Impartial from the above-presented differences between both maps, the GIS-DRP

map of the Grundsgraben and Schleidweiler sub-basins revealed a typical low moun-
tain range distribution of dominant runoff processes. DSSF2 (46.1%) dominates in the
Grundsgraben basin over DSOF2 (13.0%) and DDP (12.9%). The Schleidweiler brook15

obtained the same results: DSSF2 (46.6%) against DSOF2 (17.8%) and DDP (10.6%).
Table 3 lists the distribution of the DRPs percentages for all basins.

4.2 Approach 2 (CDA-DRP)

Approach 2 resulted in two models comprised of the functions obtained through the
canonical discriminant analysis: Table 4 lists the eigenvalues and canonical correla-20

tions of these functions for both the impermeable and permeable substrata while Ta-
ble 5 lists canonical function coefficients of the discriminant functions for both substrata.

The discriminant analysis of the areas with impermeable substratum led to five dis-
criminant functions. The first function explained 62% of the dataset variability while the
first three functions summarized explained 95.1%. The permeable substratum areas25

were also defined by 5 functions explaining the variability with a significant reduction
of variables: the first function explained only 46.5% of the dataset variability while the
three first functions summarized explained 96.3%.
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The set of variables for impermeable substratum was reduced to: slope steepness,
profile curvature, down slope flow path density and flow path length, first and second
derivate of the DEM in E-W direction, the same derivates of the topographical index
as well as the S and LS factors according to the USLE. The functions 1 and 2 were
mainly determined by the S and LS factors and to a minor extent by the slope of the5

mapped unit. The steepness of the slopes (represented in the slope, S and LS fac-
tors) influenced the classification most. This was not astounding since the mapping
method of Scherrer and Naef (2003) separated the different DRPs by taking slope into
account. All other parameters defining the discriminant functions were almost irrele-
vant, explaining only 5% of the datasets’ variability. The discriminant functions defined10

the dominant runoff processes to different extends. For the permeable substratum, the
parameters were reduced: only the topographical index, the upslope flow density and
the flow length as well as the first derivate of the topographical index in N-S direction
and the S factor remained (see Table 5). All parameters distinguished the different
functions well. Additionally, those parameters related to contributing areas and their15

position within the slope gained weight. The geological structure of the Zemmer study
area, where the permeable areas are found at the deeply incised lower valley parts,
attributed this.

Table 6 lists the classification accuracy by cross-classification of the model combi-
nation (in ha) and of both models. For the impermeable substratum, the first three20

functions identified DDP, DSOF1 and DSOF3 well. However, the group centroids of the
areas with DSSF2, DSSF3 and DSOF2 were very close to each other (see Fig. 5a and b).

The fourth and the fifth function introduced an acceptable identification of DSSF3. The
cross-classification results for the impermeable substratum showed correct classifica-
tion for more than 70% of the area with DSOF3 and DSSF2. In contrast, DSOF2 and DSSF325

were interchangeable, since the first one was only correctly classified for about 57% of
the surface area and often falsely classified as DSSF3. Similarly for 33% of its surface
DSSF3 was classified as DSOF2. False classification also resulted for a large proportion
of DDP (34% of its surface classified as DSSF2). For the permeable substratum it was
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possible to classify DDP, DSOF1 and DSSF3 with good results. Very weak results (correct
classification on less than 50% of the mapped area) were obtained for the classifica-
tion of DSOF2, DSOF3 and DSSF2 (permeable substratum; see Table 6). Especially DSOF2
was to a great extent (70%) classified as DSSF2.

Combining both canonical discrimination function systems led to a correct classifica-5

tion of about 80% of the basin area (error of 19.1%, see as well Table 6). DSOF3 gave
the best classification results, with 81% of its surface area correctly classified. DSOF1
also gave good classification results, with 79% of its surface area correctly classified.
DSSF2 attributed to the majority of falsely classified DSOF1 surface area (9%)DSSF2 ob-
tained good classification results as well (74% of its surface area correctly classified)10

and DSSF3 attributed to a substantial amount (11%) of the falsely classified area. For
69% of its surface area DDP was classified correctly and most of the falsely classified
surface area could be attributed to DSSF2 (11%). For 63% of its surface area DSSF3 was
classified correctly and most of the falsely classified surface area could be attributed to
DSOF2 (33%). Classified correctly for only 54% of its surface area was DSOF2, where a15

large majority was classified falsely as DSSF3 (23%).
Both statistical models showed strongly differing model components and classifica-

tion quality when compared to the reference map (Schobel, 2005). A different distribu-
tion of DRPs for each of the permeability sub-groups caused this. This was especially
the case for the processes DSOF2, DSOF3 and DSSF3, which were represented for an20

area characterized by permeable substratum with less than 8 ha each (for a total sur-
face area of 14 km2). The classification accuracy of the processes was very low for this
area. Furthermore, the two domination runoff processes with the lowest retrieval were
interchangeably misclassified and therefore, topographical parameters cannot differen-
tiate these different dominant runoff processes.25
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5 Conclusions

The objective of this study was to model dominant runoff production processes with
a respect to regionalization. Two approaches were developed and their results com-
pared to an existing dominant runoff processes reference map. The first approach
constituted the emulation of a simplified derivation of runoff processes, using a modi-5

fied approach of evaluating permeability of substratum in combination with slope and
land-use classification. The second, statistical, approach used the derivates of a DEM
as variables defining the different dominating runoff production process areas. For this
purpose, a canonical discriminant analysis was used to build the model for derivation
of homogeneous process areas.10

The first approach was able to specify the DRPs for the experimental Zemmer micro-
scale basin with an acceptable level of accuracy. This indicated that the approach could
very well be used as an alternative to extensive measurement campaigns in order to
define the dominating runoff production processes. The largest uncertainties were
attributed to coarse geological mapping, low resolution of the DEM and the misinter-15

pretation of DDP and DSOF1 in the riparian zone.
The second approach showed clearly a strong dependency of the modelled DRPs

on the topography of the Zemmer basin. The low occurrence of some of the DRPs
for different types of permeability mainly attributed to uncertainty, which made the sta-
tistical classification weak. The dominant runoff process differentiation was strongly20

dependent on shape and position of the slope, soils and soil toposequences.
Modelling dominant runoff processes at the micro-scale the two approaches pro-

vided acceptable accuracy. The regionalization of both approaches at the meso-scale
for mapping dominant runoff process, to be used in hydrological models, is the focus
of further studies in the Rhineland Palatinate (Germany) and the Grand Duchy of Lux-25

embourg.
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Table 1. Physiographic basin characteristics of the Zemmer sub-basins Grundsgraben and
Schleidweiler, Germany.

Land-use Substratum Slope
Basin Area Urban Forest Grassland Cropland Permeable Impermeable 0–3 3–5 5–20 20–40 >40

[km2] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]

Grundsgraben 9.67 11 24 17 48 16 84 13 21 53 8 6
Schleidweiler 4.29 13 35 29 23 23 77 6 18 63 6 7
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Table 2. The assumed dependency of the dominant runoff production processes on slope and
permeability of the substratum for cropland, grassland and forest.

Slope [%] Impermeable substratum Permeable substratum
Grass-and cropland/forest Grass-, cropland and forest

0–3 DSOF3 DDP
3–5 DSOF2/DSSF3 DDP
5–20 DSSF2 DDP
20–40 DSSF1/DSSF2 DDP
>40 DSSF1 DDP
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Table 3. Dominating Runoff Processes (DRPs); class of risk 1–5 by GIS-DRP-approach (1 rel-
atively most abruptly changing flow reaction and 5 the most gradually changing flow reaction).

Class of risk Grundsgraben Schleidweiler

1 12.6 13.3
2 16.0 7.4
3 46.1 46.6
4 12.5 14.9
5 12.8 17.8
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Table 4. Eigenvalues and canonical correlations of the discriminant functions of both models.

Impermeable substratum Permeable substratum

Function Eigenvalue Cumulated Canonical Eigenvalue Cumulated Canonical
variance [%] correlation variance [%] correlation

1 1.6806 61.9 0.7918 1.2576 46.5 0.7464
2 0.5483 82.2 0.5951 1.0980 87.1 0.7234
3 0.3519 95.1 0.5102 0.2495 96.3 0.4469
4 0.0724 97.8 0.2598 0.0933 99.7 0.2921
5 0.0598 100.0 0.2376 0.0073 100.0 0.0849
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Table 5. Canonical function coefficients of the discriminant functions at the impermeable and
permeable area.

Functions

Variables* 1 2 3 4 5

Impermeable substratum

SLOPE.AVG 0.5247 0.3685 −0.1552 0.1943 0.0057
SLOPE.cVAR −0.0060 0.0511 0.0004 −0.0639 0.0431
PROCURV.cVAR −0.000011 −0.000018 0.000010 −0.000017 −0.000002
FLDENS3D.MIN 0.0564 0.1878 0.1011 0.0633 0.0140
FLDENS3D.STD 0.0007 0.0002 0.0059 0.0017 −0.0015
FLENGTH3D.AVG −00.0002 −0.0003 −0.0002 0.0015 0.0035
DX.AVG −5.7552 5.1703 −3.1945 7.1294 −5.4545
DXX.MAX −13.4348 −205.2000 −41.4345 −73.7205 −5.2724
TOPDX.AVG −3.5566 16.5336 21.1848 6.1902 8.7817
TOPDXX.VAR 161.55 12.05 21171.31 22095.43 −2892.46
LS.AVG −0.0717 0.0490 0.0027 0.0009 0.0117
S.AVG 0.1777 -0.1791 0.0208 -0.0445 0.0121
Constant −3.1823 −0.1829 −0.4129 0.7810 −3.5005

Permeable substratum

TOPIND.AVG −0.373556 0.501012 0.077939 0.353923 0.349749
uFLDENS3D.AVG −0.001065 −0.001092 0.013130 −0.007205 0.007765
FLENGTH3D.AVG 0.003433 0.003934 −0.002401 −0.000831 −0.001194
TOPDY.MIN 10.678441 −3.529405 3.672470 15.916515 8.345410
S.cVAR −0.001162 0.012003 0.016723 0.018129 −0.018287
Constant 2.545873 −5.973161 −0.727873 −2.422493 −1.393559

* The variables are composed as follows: SLOPE=slope in r; PROCURV=profile curvature;
FLDENS3D=flowline density; FLENGTH3D=flowline length; DX=partial derivate of the DEM
in x-direction; DXX=second partial derivate of the DEM in x-direction; TOPDX=partial derivate
of the topographical index in x-direction; TOPDXX=second partial derivate of the topographical
index in x-direction; LS=LS-factor from USLE; S=S-factor from USLE; TOPIND=topographical
index; uFLDENS3D=flowline density oriented upslope; TOPDY=partial derivate of the to-
pographical index in y-direction. The second part of the variable abbreviated as follows:
AVG=average; cVAR=coefficient of variation; MIN=minimum; STD=standard deviation;
MAX=maximum.

1696

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/5/1677/2008/hessd-5-1677-2008-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/5/1677/2008/hessd-5-1677-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
5, 1677–1704, 2008

Modelling dominant
runoff processes at

the micro-scale

C. Müller et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Table 6. Classification accuracy by cross-classification of the model combination (in ha) and of
both models at the area of Zemmer (in percentage of the mapped surface).

Area Dominant Runoff Processes
[ha] DSOF1 DSOF2 DSOF3 DSSF2 DSSF3 DDP

Model combinations

DSOF1 58.9 4.0 0.3 6.9 0.9 1.8
DSOF2 8. 100.8 22.4 9.1 43.2 0.1
DSOF3 2.8 9.7 100.7 0.3 7.0 6.4
DSSF2 6.4 47.3 1.2 445.3 68.5 29.8
DSSF3 0.1 26.7 3.8 1.2 54.3 0.00
DDP 30.9 0.5 0.9 34.4 0.2 149.4
%
DSOF1 79.2 5.3 0.4 9.2 1.2 2.4
DSOF2 4.4 54.1 12.0 4.9 23.2 0.1
DSOF3 2.2 7.8 81.1 0.3 5.7 5.2
DSSF2 1.1 7.9 0.2 74.3 11.4 5.0
DSSF3 0.1 31.2 4.4 1.4 63.3 0.0
DDP 14.3 0.2 0.4 15.9 0.1 69.1

Impermeable substratum

DSOF1 64.0 10.3 0.9 18.4 2.5 3.4
DSOF2 4.4 56.6 12.7 2.0 24.2 0.1
DSOF3 1.8 7.1 85.5 0.0 5.6 0.0
DSSF2 0.7 7.8 0.2 75.7 11.2 4.5
DSSF3 0.1 32.7 3.7 0.9 62.6 0.0
DDP 1.0 0.0 0.0 34.0 0.4 64.6

Permeable substratum

DSOF1 97.1 0.7 0.0 0.6 0.0 1.6
DSOF2 5.8 15.8 0.0 70.2 8.2 0.0
DSOF3 11.2 23.9 49.6 5.0 10.2 0.0
DSSF2 9.9 11.1 46.3 46.3 17.1 15.7
DSSF3 0.0 0.0 18.3 10.3 71.4 0.0
DDP 19.5 0.3 0.6 8.8 0.0 70.9
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Fig. 1. Land-use map of the micro-scale experimental Zemmer basin (Germany) with the 15
soil profiles and 728 drilling points used for the reference map of Schobel (2005).
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Fig. 2a. Schematic presentation of Approach 1, which assumes the dominant runoff processes
depend on permeability of the substratum, slope and land-use.
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Fig. 2b. Schematic presentation of Approach 2, where the combination of a set of derivates of
the DEM and the geology are used to discriminate the DRP units mapped in the field.
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Fig. 3. Reference map of the dominant runoff processes as derived by Schobel (2005).
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Fig. 4. GIS-DRP map of the dominating runoff processes for the Zemmer sub-basins Grunds-
graben and Schleidweiler.
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Fig. 5a. Weight of each variable within the discriminant functions for the impermeable (a) and
permeable (b) area.
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Fig. 5b. Centroids of DRPs within the impermeable substratum area.
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