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Figure 14. Model showing the method used to determine land use potential based on the erosion susceptibility in software ArcGIS

! Stream Power Index, 2 Soil-Adjusted Vegetation Index,  Erosion Reference Units, and * Erosion Response Units

1€



Preprocessing of the Satellite Data

An integral part of this research project was its capacity to utilize an organized approach
for pre-editing and processing the satellite imagery acquired for the study areas of Colina and
Melipilla before it had been used as an input of information not only in the IDRISI Taiga
software, but also in the ArcGIS software. In other words, any satellite imagery into a GIS model

required some kind of editing for further processing and utilization in geographic issues.

The remote sensing data used in this research corresponded to the red band (band 3) and
the infrared band (band 4), derived from the Landsat TM January 2010, which were corrected by
the Atmosc tool using the IDRISI Taiga software to retrieve the surface reflectance from imagery

by removing the effects produced by the atmosphere. The following equation shows the

mathematical processing for the correction, where Ppixel,Band is the reflectance for each pixel,

for each band:; 4 g5 is the sun-earth distance; ESUNBand is the spectral solar irradiance; and s

is the solar zenith angle (Chavez, 1996):

p _ Lpixei,ana X dgsz X
Pixel,Band EsunBand X COS(BS)

Thus, these red and infrared bands, obtained from the Landsat TM imagery, were
corrected for the atmospheric effects by using the Cos(t) model, which is an improvement of the
Dark-object Atmospheric Correction model that is applied to Landsat 5 TM multispectral data
with bands 1-5 and 7. The input image file is assumed to have only these 6 bands for the

processing (Chavez, 1996).
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Later, the SAVI was calculated by the Vegindex tool in the IDRISI software using the red
band (band 3) and infrared band (band 4), assuming that healthy vegetation absorbs most of the
visible light and reflects a large portion of the near-infrared light. This index is an improvement
of the Normalized Difference Vegetation Index (NDVI) used to determined vegetation cover,
biomass, and leaf area index (Outtara et al., 2009). The SAVI is represented by the following
equation, where L is the incorporation of a soil factor correction (value 0.5) into the NDVI

equation (Qi et al. (1995) in Jensen, 2007):

NIR - red
= 1+L
SAVI NIR+ red + L * )

Preprocessing of the Topographic Data

In the model used by Marker et al. (2001), one relevant factor was the topography,
including slope gradient, slope length and curvature. However, in this project the SPI was just
used in order to have an integral evaluation of the terrain, processing and editing by the Standard
Terrain Analysis tool in the SAGA GIS software. It is utilized to reflect the erosive power of
streams based on the assumption that the denudation of water increases proportionally with an
increase in the catchment area, which is the function of the product of flow accumulation and
slope (Hrvatin et al., 2006). Since a number cannot be divided by zero, all zeros must be
eliminated from the data set in this index. It is done by adding 0.001 to all information layers in
the calculation that can be represented by the following equation (Center for Advanced Spatial

Technologies, 2010):

Ln(([FlowAcc] +.001) * ([Slope] + .001))
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Setting and Editing of the Geographic Data

Editing is an essential step for managing, analyzing and displaying geographic
information. Thereby, in order to set the primary surface of geo-data for determining land use
potential based on the erosion susceptibility, it was necessary that each layer was set in the same
map coordinate system. Not only the Universal Transverse Mercator (UTM) Zone 19 South
projection, but also the World Geodetic System (WGS) 1984 datum was specified using the
Define Projection tool in the ArcGIS software. This step is not only useful if the input dataset
does not have a projection defined, but also is helpful if the feature class's projection parameters

are unknown or incorrectly specified (ESRI, 2007).

The next editing stage was sectoring the areas of the project based on water parting
criteria. It was done using two types of processes in the ArcGIS software that pick up the data
that corresponded to the area defined. Thus, one of them was the Clip tool for vector data layers,
such as land cover, lithology, and soil texture, which extracts existing data by using a polygon
shapefile as a reference. The other was the Extract by Mask tool for SAVI and SPI layers, which

removes the cells of a raster that correspond to the areas defined by a mold (ArcGIS, 2007).

Each vector data set was transformed to raster format in a nominal spatial resolution of
30 x 30 m, using the Polygon to Raster tool in the ArcGIS software. This processing converts a
polygon shapefile into a raster format, for advanced spatial assessment and environmental
management, by using a raster file as an input feature as a reference model that determines the

cell size in the output raster dataset that was created (Olivera & Koka, 2003).
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Reclassification of Geographic Data and Assessment of Erodibility

The reclassification of the primary surface of geo-data into the secondary surface of
information was done using the Reclassify tool in the ArcGIS software. In this study, it was used
to recognize not only the different levels of susceptibility of erosion in each raster data layer, but
also the types of the current water erosion on the terrain (ERefU). It is a useful tool when
researchers and professional map makers want to replace the values in the input raster data set
into a new category of reclassified values by the creation of an output raster layer (ArcGIS,

2007).

First of all, to perform an analysis of the spatial distribution of vegetation, in order to
determine the current water erosion processes, based on the adaptation of the ERefU concept
from Marker et al. (2001), SAVI values were reclassified into five categories of vegetal biomass,
which are associated with current erosion types, using a basic statistical thresholding method,
where o is standard deviation and X is the mean (Table 1):

Table 1. Vegetation biomass and current water erosion category

SAVI threshold Biomass category Current erosion Erosion type
(ERefU category)
> 20 Very high Very slight Interrill
Between 16 to 20 High Slight Rill and interrill
Between X to 1o Medium Moderate Rill and gully
Between -16 to X Low Severe Gully and landslides
<-lo Very low Very severe Gully and sever mass
movements

Source: After Marker et al. (2001)
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Secondly, SPI numbers were reclassified into five categories using the criteria that were
elaborated by Hrvatin et al. (2006) in order to determine topographic erodibility. Thus, high SPI
values show areas of both upper slopes and high flow accumulation in the terrain. In other words,
high SPI numbers represent a greater potential for erosion risk. On the other hand, low SPI
numbers represent areas of soft slope and low levels of flow accumulation in the surface, which
is interpreted as a lower erodibility (Table 2).

Table 2. Stream Power Index (SPI) category

SPI threshold General description Erodibility
> 2,000 Very high slope and flow accumulation Very strong
Between 1,000 and 1,999 High slope and flow accumulation Strong
Between 100 and 999 Moderate slope and flow accumulation Moderate
Between 10 and 99 Low slope and flow accumulation Weak
Between 0 and 9 Very low slope and flow accumulation Very weak

Source: Based on Hrvatin et al. (2006)

Next, in order to describe the water erosion processes and potential land utilization, land
use in the project areas of the mid-sized urban areas had to be taken into consideration. Thereby,
another stage of this research was to create and edit a layer of existing land uses and cover in the
terrain, using data from a set of information documented by the OTAS project (Gobierno
Regional Metropolitano de Santiago et al. (2005). Consequently, based on the criteria of Marker
et al. (2001) and Platt & Rapoza (2008), the following six categories of land uses, and four of

erodibility, were determined (Table 3).
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Table 3. Land use category

Category General description Erodibility
Riverbed Stream bank Very strong
Industrial/transport Industrial, military, and road Infrastructure Strong
Residential Single or multifamily housing Strong
Cultivated Cropland and pasture Moderate
Bushland/prairies Opened canopy of bushes or grassland Moderate
Bushland Closed canopy of bushes Weak

Source: After Mérker et al. (2001) and Platt & Rapoza (2008)

Fourth, superficial soil texture controls the soil susceptibility of erosion. Along the same
lines, soils high in silt and very fine sand tend to have high erodibility because they show low
cohesion force and are more prone to transportation, but erodibility is low for soils abundant in
clay (OGeen et al., 2006 and Aba Idah et al., 2008 in Neyshabouri et al., 2011). Therefore, the
following five categories of soil texture are erodibility were classified (Table 4).

Table 4. Superficial soil texture category

Category General description Erodibility
Fluvial material Gravel, boulder, and sand Very strong
Sandy loam Approx. 10% of clay and 70% of sand Strong

Loam Approx. 20% of clay and 40% of sand Moderate
Clay loam Between 30% and 40% of clay Weak
Clay > 55% of clay Very weak

Source: After Neyshabouri et al. (2011)
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Finally, one of the most relevant parameters was lithology because this feature shows the
types of rocks in the terrain, using the data from the Servicio Nacional de Geologia y Mineria de
Chile (2003). The reclassification of the lithological units was based on criteria designed by
Kuhni & Pfiffner (2001) for the Swiss Alps, used to examine the relationship between the
hydrology and formation of the mountains. Thus, the lithological levels of erodibility descend
from sedimentary to intrusive rocks, reclassified into four categories (Table 5).

Table 5. Lithology category

Category General description Erodibility
Alluvial sediments Gravel and fine material Strong
Colluvial sediments Mainly gravel Moderate

Extrusive igneous rocks Volcanic igneous rocks Weak
Intrusive igneous rocks Rocks from molten earth material Very Weak

Source: After Kuhni & Pfiffner (2001)

Multivariate Analysis of Geographic Data

The third level of information in this research corresponded with the surfaces of geo-data
derived from the secondary surface of information created by reclassification. Thus, each
category in every layer was weighed in relation to the level of susceptibility of erosion. This was
done using the Analytic Hierarchy Process (AHP), which according to Saaty & Kearns (1991), is
a procedure used to represent a problem hierarchically. It is a rational, efficient and organized
graphical system, clearly stating the objective pursued as well as the variables and decision

criteria considered, using a hierarchical model (Figure 15).
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Figure 15. Analytic Hierarchy Process (Saaty & Kearns, 1991)

Thus, it was necessary to weigh the component parts, determining the relative importance
each element has on the total value or percentages of the problem, through the contrasting of the
pairs of elements by a matrix of pairwise comparison, using the AHP extension in the ArcGIS
software. In other words, it was making a contrast among every reclassified layer with respect to
their relevance for the susceptibility to erosion (Table 6), based on the scale of importance
proposed by Saaty & Kearns (1991) (Table 7).

Table 6. Peer comparison matrix

ERefU Topography Land use Soil texture Lithology

ERefU ERefU/ERefU | T/ ERefU LU/ERefU ST/ERefU L/ERefU
Topography ERefU/T TIT LU/T STIT L/T
Land use ERefU/LU T/LU LU/LU ST/LU L/LU
Soil texture ERefU/ST T/ST LU/ST ST/ST L/ST
Lithology ERefU/L T/L LU/L ST/L L/L

Source: Based on Saaty & Kearns (1991)
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Table 7. Scale of importance

Importance (numeric scale) Definition (verbal scale)
1 Both elements have the same importance
3 Moderate importance of an element over another
5 Strong importance of an element over another
7 Very strong importance of an element over another
9 Extreme importance of an element over another
2,4,6,8 Value intermissions between two adjacent trials
1/2, 1/3,1/4, etc. Reciprocals or values for inverse comparison

Source: Saaty & Kearns (1991)

Saaty & Kearns (1991) provided the Consistency Ratio (CR), which is a value calculated
to check for the logical consistency of a pairwise comparison matrix. Thus, when CR=0.0, there
IS no inconsistency among the pairwise comparison judgments, or the judgment is considered
100% consistent. As the value of CR grows, the degree of inconsistency is also considered to
grow. A review of the preference matrix is recommended if the consistency ratio CR exceeds a
value of 0.1. It is defined as the ratio of the Consistency Index (CI) to an average consistency
index Ratio Index (RI), thus it is represented by the following equation:

!
cr= L
RI
Values for RI (Saaty & Vargas, 1991; with n = order of matrix)

n \ 2 3 4 5 6 7 8
RI \o.oo 052 090 1.12 124 132 1.41
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the largest ERU numbers are not only in the urbanizations belonging to Melipilla City and the
Maipo riverbed, but also in some mountainous system. On the other hand, the lowest ERU values

are mainly located in the mountain range which flanks the bottom valley.
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Figure 36. Map showing the ERU of the catchment surrounding Melipilla City

Water Erosion Susceptibility and Land Use Suitability

By reclassifying ERU values obtained for the basins belonging to the urban environments
of the medium-sized cities of Colina and Melipilla, this research project not only determines the

susceptibility of water erosion processes, but also categories of land use suitability of the terrain.
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Colina City, the very strong water erosion susceptibility is in the valley bounded by
mountains belonging to the Chilean Coast Range and the Andes Mountain Range, with about 25
% of the 71.17 square kilometers. It is related to the consolidated urban zone of Colina City and
the rural residential properties, over partly consolidated sediments, which present very severe or
severe current erosion produced by gullying. As a result of all these characteristics, the areas
within this category of susceptibility do not have suitability to support non-urban land uses

(Figures 37 and 38).

On the other hand, the spatial distribution of the strong and moderate categories of water
erosion susceptibility, 36 % and 34 % respectively, shows an increasing trend from the bottom of
the valley to high altitude. Along the same lines, the strong category is situated along a north-
south running system on the Chilean Coast Range and the Andes Mountain Range covered by
sparse bushland, which have severe erosion associated with gullies and landslides on moderate
and steep slopes. Thus, even though the mountains are natural environments, they present
marginal suitability because they have limitations so severe that benefits are reduced for other
land uses. The moderate category is completely situated in the bottom valley on the farmland and
the suburban sectors surrounding the urban areas, over partly consolidated soil and alluvial
sediments from the Colina River. Therefore, these lands are clearly suitable for several uses, but

they have limitations.

Landscapes with weak and very weak categories of erosion susceptibility just represent
about 5 % of the area, without a particular spatial distribution. Because of this condition, these

areas are suitable and highly suitable for several types of land uses.
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Figure 37. Water erosion processes’ susceptibility and land use suitability of the catchment

surrounding Colina City
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Figure 38. Graph showing the surfaces for water erosion processes’ susceptibility and land use

suitability of the catchment surrounding Colina City
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In the basin of Melipilla City, the very strong water erosion susceptibility is located in the
valley bounded by mountains belonging to the Chilean Coast Range, with about 19 % of the
59.94 square kilometers, and it is related not only to the consolidated urban zone of Melipilla
City, but also the wide Maipo Riverbed, which presents very severe and severe current erosion
associated with gullying and land sliding. For this reason, with all these features, the area within
this category cannot support non-urban uses (Figures 39 and 40). In addition, the strong erosion
susceptibility category, with a surface of 54 %, is located in the farmland patches of vineyards
and orchard, over alluvial terraces surrounding the Maipo River that are covered by a
unconsolidated soils of loam and sandy loam, with current erosion processes dominated by
gullies. Therefore, these landscapes have marginal land use suitability because they present

limitations so severe that the benefits are reduced for other utilizations.

The spatial distribution of the moderate category of erosion susceptibility in the terrain,
about 19 %, shows that it is located on the intrusive and extrusive igneous rocks which belong to
the Chilean Coast Range, with very weak and weak erodibility respectively. They are covered by
bushland associated with severe current erosion by gullying in clay loam soils. As a result of
these features, the areas within this category of susceptibility have moderate suitability to support

several uses, but they have limitations.

The areas with weak and very weak categories of erosion susceptibility only represent
about 8 % of the entire area of study, with a particular spatial distribution in the mountain
systems that flank the bottom valley. Because of this situation, these lands are suitable and

highly suitable for several types of uses.
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Figure 39. Map showing the water erosion processes’ susceptibility and land use suitability of

the catchment surrounding Melipilla City
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Figure 40. Graph showing the surfaces for water erosion processes’ susceptibility and land use

suitability of the catchment surrounding Melipilla City
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Quantitative Correlation Analysis

In order to sharpen the analysis from the final results in both areas of study, the current
erosion was statistically correlated to water erosion susceptibility and land use suitability data,
derived from the ERU. It was calculated using Pearson’s R statistical correlation. In the
catchment of Colina City, the positive linear relationship between these two variables was
strong, with a value of 0.75, because many points fall near a straight line for strong correlation
on the scatter-plot (Figure 41). In the catchment of Melipilla City, the positive linear correlation
between the existing erosion and erosion susceptibility/land use suitability was moderately-
strong, with a value of 0.54, due to the fact that the localization of the points in the scatter-plot

diverges moderately from a straight line (Figure 42).

A

Y-axis . -

r=0.75

X-axis
Figure 41. Correlation between current erosion and water erosion susceptibility/land use

suitability in the study area of Colina city.
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Figure 42. Correlation between current erosion and water erosion susceptibility/land use

suitability in the study area of Melipilla city.

VI. DISCUSSION

The data derived from the methodology and results presented in this study indicate that it
is possible to assess and analyze the land use suitability of medium-sized urban areas based on
water erosion susceptibility by embedding an integrated modelling framework. The following
discussion details the results and is primarily an analysis of the parameters that compose the
overall geographic characteristics of the terrain which not only determine landscape processes,
such as erosion, but also the human interaction with the natural environment by farming and
urbanization. Therefore, this methodological framework can be applied to other cities in other

environments, but caution should be made with features such as urban area size because this
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methodology was used in medium-sized cities in Chile and in the case of longer urban areas this

methodological approach probably requires adaptation.

By using the Analytical Hierarchy Process, AHP, defined by Saaty & Kearns (1991), and
the weighted overlay technique, it was possible to analyze the problem statement of this research,
which required the analysis of different parameters. This analysis allowed organization of the
elements of the environment because which may not be equally important in erosion
susceptibility and land use suitability for a particular activity. In other words, the weighted
overlay approach allowed different weights to be applied to the thematic layers of geographic
information (current erosion, topography, land use, soil, and lithology), which is shown in Figure
26. After processing, the output data is a raster grid file containing the Erosion Response Units
(ERU), where each cell stores a number which indicates its level of importance in relation to

water erosion, providing an accurate modelling structure for the areas of study.

The importance of the interaction between geographical factors for determining the
erosive response of the terrain, from the point of view described by to Marker et al. (2001), was
ratified in relation to the spatial distribution of the erosive susceptibility levels in the landscape
of the urban environments of Colina and Melipilla, which reflects the principle of exchange of
energy and matter between the elements of the environment, considered as a system that tends to
equilibrium. Along the same lines, the homogeneous areas analysis of current and potential
erosion dynamics, by incorporation of the concepts of Erosion Reference Units (ERefU) and
Erosion Response Units (ERU), was essential for recognizing the role of these phenomena at
different spatial scales, from interrill to landslides process. Once the ERU were identified, this

information could be used in the erosion modelling.
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The spatial distribution of the erosion susceptibility and land use suitability categories
can be correlated with certain patterns. The results showed that vegetation cover and topographic
patterns have greater influences on the current and future water erosion dynamics than other
geographic parameters because, especially in the study area of the City of Colina, these delineate
the localization of the erosion processes in the terrain, which is corroborated by authors such as
Morgan (1995) and Vieira & Dabney (2011). Nevertheless, land use affects water erosion,
particularly on farmland and in urban areas for both areas of study (Giovannini et al., 2001 and

Van Rompaey et al., 2002).

Thus, in the basin surrounding the city of Colina, shown in Figure 37, lets the highest
degrees of erosion susceptibility are associated with relief associated with mountain ranges and
the lower levels that are located at the bottom of the valley on the alluvial sediments of the
Colina River, which is due to the stabilizing condition of vegetation and topography. It was
corroborated by the correlation analysis, Figure 41, which shows that the presence of biomass
strongly controls the landslides and water erosion. However, for this scenario, it was possible to
identify that spatial configuration of the land uses and the materials that support them, soil
texture and lithology, produces an influence on some sector of the valley, particularly in the
urban areas where all these characteristics configure a landscape with a high potential for water
erosion processes. As a result, the highest categories of land use suitability associated with
lowest degrees of erosion susceptibility are limited to agricultural fields surrounding the
consolidated urban zone and the Colina River because in general these can support different land
uses. In contrast, the sectors without the influence of agricultural terraces showed major impacts
from water erosion at the catchment scale and the lowest degrees of land use suitability to

support a different use from the current.
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In the case of the urban environment of the Melipilla City, Figure 39 demonstrates that
not only the location of current erosion and topography, but also the superficial soil texture and
lithology within the landscape has an impact on the spatial distribution of erosion susceptibility
categories in the study area, similar finding are reported by Morgan (1995) and Kuhni & Pfiffner
(2001). It was corroborated by the correlation statistical analysis, Figure 42, which basically
shows that biomass moderately correlates with water erosion. The strong categories of water
erosion susceptibility are connected to the bottom valley, and some slope on the mountains
belonging to the Chilean Coast Range, which showed the important function of the materials that
compose especially the agricultural terraces surrounding the Maipo River. However, similar to
the situation in the Colina City basin, the consolidated urban zones display the highest degrees of
water erosion susceptibility because these areas represent a very strong impact on the natural
environment by human buildings. Consequently, the sectors that showed lesser impacts from
erosion and the major degrees of land use suitability are located on some slopes of the

mountains, where soil and lithological material are much more consolidated than the valley.

VII. CONCLUSIONS

This work has shown the importance of the evaluation of water erosion susceptibility and
its relationship to land use/cover characteristics on the terrain, fundamentally in urban areas
belonging to a Mediterranean climate environment. Water erosion has a significant capacity to
modify the landscape and can influence the distribution of anthropogenic activities. Thus, it was
possible to model the land use suitability of medium-sized cities and their surrounding
environment based not only on the assessment of their geographic potentialities and weaknesses,

but also on water erosion. For this reason, the application of different methodologies to analyze
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erosion in complex scenarios lets one recognize its potentialities and weaknesses regarding land
use suitability. However, the model demonstrated in this study can be improved by adding new

criteria specific to the problem.

This research proposed a hierarchical approach (AHP) to solving a layout design
problem. It was observed that AHP can be used in the theme area of selection and evaluation of
geographic parameters. These results showed that the parameters of water erosion susceptibility
have different effects on land use suitability in the terrain. In the same way, it was observed that
the relative importance of the parameters varies among urban areas, thus generating immediate

effects on the suitability of landscapes in urban environments.

The applied methodology, based on GIS analysis of geographic data, made it possible to
locate the areas where erosion exists as well as to obtain an estimation of potential erosion. The
example of the Chilean test catchments shows that areas subject to different water erosion
processes can be identified using Erosion Reference Units (ERefU) and Erosion Response Units
(ERU) concepts. In addition, it has also been useful to identify whether the land use suitability in
relation to regions is affected by erosion because the ERU permits the evaluation of those critical
areas for different land uses. Consequently, the high potential for the identification of ERU can

be systematically enhanced in similar studies, having a closer look at parameters and scale.

This study has presented an application of a GIS technique, based on the interactions
among geographic factors, which is capable of providing a degree of accuracy in assessing the
suitability of landscapes for sustainability of human and natural uses. Thus, improvements in
these kinds of analysis are critical issues for land planners not only for making a decision

modelling framework, but also in the interpretation of holistic data of a specific region.
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Appendix table 1. Peer comparison matrix between parameters

ERefU Topography Land use Soil texture Lithology

ERefU 1 3 4 4 4

Topography 0.33 1 3 3 3

Land use 0.25 0.33 1 1 1

Soil texture 0.25 0.33 1 1 1

Lithology 0.25 0.33 1 1 1
Parameter Importance
ERefU 0.464209
Topography 0.248861
Land use 0.0956434
Soil texture 0.0956434
Lithology 0.0956434

Total 1

Consistency Ratio (CR): 0.023



Appendix table 2. Peer comparison matrix between current erosion categories (ERefU)

Very slight Slight Moderate Severe Very severe
Very slight 1 0.5 0.33 0.25 0.2
Slight 2 1 0.5 0.33 0.25
Moderate 3 2 1 0.5 0.33
Severe 4 3 2 1 0.5
Very severe 5 4 3 2 1
Category Importance of | Importance of Total weight (category * parameter)
category parameter
Very slight 0.0617666 0.464209 0.028673
Slight 0.0972536 0.464209 0.045146
Moderate 0.159923 0.464209 0.074238
Severe 0.262518 0.464209 0.121863
Very severe 0.418539 0.464209 0.19429
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Appendix table 3. Peer comparison matrix between topographic erodibility categories

Very weak Weak Moderate Strong Very strong
Very weak 1 0.5 0.33 0.25 0.2
Weak 2 1 0.5 0.33 0.25
Moderate 3 2 1 0.5 0.33
Strong 4 3 2 1 0.5
Very strong 5) 4 3 2 1
Category Importance of | Importance of Total weight (category * parameter)
category parameter
Very weak 0.0617666 0.248861 0.015371
Weak 0.0972536 0.248861 0.024203
Moderate 0.159923 0.248861 0.039799
Strong 0.262518 0.248861 0.06533
Very strong 0.418539 0.248861 0.104158
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Appendix table 4. Peer comparison matrix between land use erodibility categories

Weak Moderate Strong Very strong
Weak 1 0.5 0.33 0.25
Moderate 2 1 0.5 0.33
Strong 3 2 1 0.5
Very strong 4 3 2 1
Category Importance of | Importance of Total weight (category * parameter)
category parameter
Weak 0.095435 0.0956434 0.009128
Moderate 0.160088 0.0956434 0.015311
Strong 0.277181 0.0956434 0.026511
Very strong 0.467296 0.0956434 0.044694

88



Appendix table 5. Peer comparison matrix between soil texture erodibility categories

Very weak Weak Moderate Strong Very strong
Very weak 1 0.5 0.33 0.25 0.2
Weak 2 1 0.5 0.33 0.25
Moderate 3 2 1 0.5 0.33
Strong 4 3 2 1 0.5
Very strong 5) 4 3 2 1
Category Importance of | Importance of Total weight (category * parameter)
category parameter
Very weak 0.0617666 0.0956434 0.005908
Weak 0.0972536 0.0956434 0.009302
Moderate 0.159923 0.0956434 0.015296
Strong 0.262518 0.0956434 0.025108
Very strong 0.418539 0.0956434 0.04003
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Appendix table 6. Peer comparison matrix between lithology erodibility categories

Very weak Weak Moderate Strong
Very weak 1 0.5 0.33 0.25
Weak 2 1 0.5 0.33
Moderate 3 2 1 0.5
Strong 4 3 2 1
Category Importance of | Importance of Total weight (category * parameter)
category parameter
Very weak 0.095435 0.0956434 0.009128
Weak 0.160088 0.0956434 0.015311
Moderate 0.277181 0.0956434 0.026511
Strong 0.467296 0.0956434 0.044694
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