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Basic information from analytical-descriptive methodologies on the relief of watersheds provides the
necessary physical parameters for studying natural resources for, e.g., integrated management of
watersheds, environmental impact, soil degradation, deforestation, conservation of water resources, and
so forth. Geographic information systems can be used for all of these processes, which are linked to a
strong spatial component. Digital elevation models (DEM) and their derivatives are a relevant
component of these data sources. The parameters found from these models, such as the slope, are used

ﬁ?:;‘;org 5;10 e directly or indirectly (as a component of these factors) in many surface runoff estimation equations. In
Level ge slop Latin America, the Rational Method has been and continues to be one of the most widely used for the
Basis study of microdrainage in small watersheds. The experiment was conducted in the Yatasto district of the

Province of Salta, North West Argentina and has an approximate surface of 270 hectares. This zone is
located on the piedmont plain of the Metan sierra, where crops are grown, with relatively high slopes and
high potential of soil erosion. In this area were studied five small rural watersheds all of them within the
total DEM study area and none of them over 81 hectares. This work studied whether potential surface
runoff found from the Rational Method (RAMSER) in small rural watersheds shows significant
differences depending on whether the mean slopes are found from the DEM derived model or by the
usual field methodology. We found that the small-sized grids increase the average slope (between 045%
and 0.79%) found over those found from field data. The differences observed in volume of the peak runoff
(between 0.003 m®s~! and 0.062 m>s~') were not significant. The results assure that there are no
differences in the parameter evaluated (average slope) under the studied methodology and conditions.

© 2010 Elsevier B.V. All rights reserved.

Topographic parameters

1. Introduction and literature review

As mentioned by Marquinez (1994), the biological landscape is
made up of complex, nonlinear systems. Topography exerts a
strong influence on many of the variables that intervene in
ecosystem dynamics. The action of water, and consequently, the
many biological processes conditioned by it, is closely associated
with the shape and altitude of the terrain in which they develop.

This dependence has long been recognized in edaphology,
climatology, botany, zoology, ecology, and so on, which have
commonly recurred to consider the altitude, the slope of the terrain
or the orientation of hillsides as critical variables in understanding
the body of their knowledge. As mentioned in Cheng et al. (2006),
due to the complexity of this problem, many studies have been
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performed only to describe topographic parameters (local hill
slope gradient, upslope contributing area) (Patton and Schumm,
1975; Montgomery and Dietrich, 1992; Desmet and Govers, 1997).

Until the seventies, topographical maps (contour lines) were
practically the only tool for evaluating this influence. But
interpretation and in fact, the usefulness of these maps, very agile
for visual perception of the surface topography, is limited for
quantitative analyses. Information Technology opened a new
possibility, numerically describing the altitude of the terrain or any
of its other characteristics.

The term digital terrain model (a synonym of digital elevation
model), apparently originated in the Photogrammetry Laboratory
of the Massachusetts Institute of Technology in the fifties. The
pioneering work of Miller and Laflamme (1958) already estab-
lished the first principles of use of digital models for treating
technological, scientific and military problems (Felicisimo, 1994).

These models, as mentioned by Turner (1970), may be classified
as Iconic (where the relationship with reality is through
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morphological properties), Analogical (where some property is
represented, but not morphological replicates) and finally,
Symbolic models (where the real object is represented by
mathematical symbolization). Digital elevation models are sym-
bolic and the mathematical symbolization is called a “mathemati-
cal algorithm”.

Both the construction of the models derived and dynamic
simulation processes are possible through numerical algorithm
design, that is, constructing explicit sequences of mathematical
operations that lead to the solution of concrete problems
(Felicisimo, 1994).

A digital elevation model (DEM) is a representation of the
terrestrial surface and as such, provides the basis for digital
extraction of topographic parameters. The rest of the functions
supplied by DEM are developed based on these parameters
(Rosatto, 2005).

The creation of a DEM involves interpolation of an elevation
surface from point elevations or from existing topographical
databases. The resolution (grid size) of the created DEM and the
specific interpolator (algorithm) used exert a considerable influ-
ence on the final DEM, and hence any attributes derived from it
(Schoorl et al., 2000).

Many authors have proposed classifications or described DEMs
based on the construction method or on the database source
(Cambardella et al., 2004; Moorman et al., 2004; Reyniers et al.,
2006; Taconet and Ciarletti, 2007).

Other authors have proposed methods for determining the
accuracy of DEMs. In this sense, the most widely used measure (Li,
1991; United States Geological Survey, 1998; Xiaojun and Hodler,
2000), for reporting the accuracy of a DEM is a measure of
dispersion, the RMSE (Root Mean Square Error). Schiewe Jochen
(2000) proposes a DEM classification based on this measure
(RMSE).

Classification by accuracy in determining height

Accuracy class  Standard  Methods of finding data
deviation on height for generating

the DEM
Very high <0.1m Topography of terrain, differential GPS (DGPS),
High 0.1-1m Differential GPS (DGPS), aerial photogrammetry
Medium 1-5m Airborne interferometric radar
Low 5-20m Image stereoscopy, map scans, satellite

interferometric radar
Very low >20m

Digital elevation models have been used in many studies
related to soil and tillage. Recent research on the relationship
between soil redistribution and topography has been greatly aided
by the ease with which terrain attributes can be derived from any
digital elevation model (DEM) (Pennock, 2003).

Taconet and Ciarletti (2007) used DEMs to study classic
roughness parameters such as the mean square error of height,
and the correlation between length and tortuosity. They affirm that
stereo photogrammetry provides DEMs that facilitate precise
studies of the geometrical properties of soils that can definitely be
used for hydraulic and erosion studies.

Reyniers et al. (2006) used a DEM generated by differential
geoposition system to analyze topography of the field, in grain and
straw yield maps. In a study done to quantify and explain the origin
of morphological and geochemical properties of terraces (in the
Massif Central, France), Salvador-Blanes et al. (2006), used two
DEMs (2.5-m resolution) constructed in the studied area. A 10-m-
resolution DEM was used by Fua et al. (2006), to estimate the
impact of direct sowing in eroded soils, and the sediment yield in
the Pataha Creek Watershed, a typical unirrigated agricultural
watershed in southeast Washington.

The mechanical properties of soil have also been studied, and
there are many rural engineering approaches to define the main
constraints of force distribution related to farm machinery traffic
(Botta et al., 2004, 2006a,b, 2007, 2008), but soil studies, such as
the one by Horn et al. (2005), currently attempt to include in their
approaches, not only the force of the mechanical properties of soil
horizons, but also their interdependence with hydraulic proper-
ties. These hydraulic properties may be studied from DEMs and
their derived models. The route of water on the terrestrial surface
is conditioned by the shape of that surface (Wood, 1996). The
hydrological characteristics, such as slope, orientation and
curvature can be taken from DEMs.

Some of the characteristics mentioned (such as slope), are used
in equations that estimate potential runoff. This is the case of the
Rational Method (RAMSER). The results of Takken et al. (2001),
suggest that the prediction of soil erosion and deposition in a plot,
as well as complete soil loss in a field, can be significantly improved
by combining the effects of the runoff pattern of controlled tillage
with detailed topographic data. Both parameters are considered in
the Rational Method.

In Latin America, the Rational Method has been and continues
to be one of the most widely used. Botero Gutiérrez (2008) argues
that it is the simplest approach to evaluate the flow produced by
precipitation. The Rational Method, adapted by various authors, is
usually used for the prediction of maximum flow rates. The
Rational Method is recommended in catchment’s areas of over 10
hectares and with several soil uses for estimating the amount of
water that can be made use of (Salinas Acosta et al., 2010). Prieto
Bolivar (2004) mentions in his book that runoff depends on such
factors as regional rainfall characteristics and the type of drainage
area, and recommends the use of the Rational Method adapted to
the metric system. Pannone and Szogi (1984) mention the use of
the Rational Method for characterization of surface runoff in two
small agricultural watersheds. The Rational Method is used in
small watersheds, and simulation models for larger watersheds. In
this hand, Tucci and Bertoni (2003) argue that the RAMSER is used
for estimation of micro-drainage, and hydrological models for
calculating drainage hydrographs are used in macro-drainage. The
Rational Method may be used for watersheds of up to 2 km? (200
hectares).

However, a DEM has to be a test bed. All the elements with
representative incidence in the environment have to be synthe-
sized in the model, but if it is very rigorous, the information
storage requirements and analytical processes could be very
seriously compromised. At the other extreme, an interpretation
of the reality that is too superficial and relaxed could omit
transcendental aspects (Morillo Barragan et al., 2002). Various
authors have approached the influence of grid size on DEMs (in
raster data models), and some of them mention the importance
of using small grid sizes in DEMs at plot scale. Serensen and
Seibert (2007) studied different grid sizes to determine the
effects of smaller-sized grids and decreased information content.
Taconet and Ciarletti (2007) presented their results on the effect
of DEM grid size on the precision of each roughness parameter
studied.

Serensen and Seibert (2007) also show considerable differ-
ences between topographic indexes calculated from DEMs with
different grid resolutions. They found that interpolating DEMs
with a higher resolution (smaller-sized grid) provided more
similar topographic distributions of the humidity index (the
parameter studied).

Wolock and McCabe (2000) found that increasing DEM grid size
tends to cause a decrease in the average slope. Other authors have
approached the use of small grid sizes in their studies (Cheng et al.,
2006, 2007; Salvador-Blanes et al., 2006; Fua et al., 2006).

Outlined hypothesis were:
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Table 1

Soil physical and mechanical properties.
Depth (mm) 0-200 200-400 400-600 600-800
Soil organic carbon (kg™') 16.5+4.6 7.00+2.1 5.10+1.1 43+1.0
Total nitrogen (gkg™!) 1.80+0.08 0.90+0.02 0.70+£0.00 0.8+0.00
C/N ratio 9.10 7.70 7.20 54
Clay (<2m)gkg™! 230+3.37 2634230 330+2.88 3724+2.63
Silt (2-20m)gkg™! 308 +4.81 299 +4.01 309 +2.31 239+1.89
Silt (20-50m)gkg ! 454 +4.51 433+3.46 357 +4.01 385+3.86
Fine sand (100-250 mm) 8+1.38 5+1.10 44096 4+1.12
pH in H0 (1: 2.5) 6-+0.02 5.6+0.01 6.340.03 6.2 +0.02

Table 2

Parameters of the five watersheds.
Watershed Watershed surface Principal channel Maximum level Soils Vegetation

(hectares) (totality length (meters) difference
cultivated) (meters)

Number 1 78.9 2110 26 Sandy loam soils Culture of cranberry
Number 2 23.8 1231 18 Sandy loam soils Culture of cranberry
Number 3 7.4 876 10 Sandy loam soils Culture of cranberry
Number 4 129 961 12.5 Sandy loam soils Culture of cranberry
Number 5 10.7 800 8.5 Sandy loam soils Culture of cranberry

(1) It is possible to determine an ideal grid size to generate DEMs
with enough accuracy and size to diminish the processing
requirements in later uses.

(2) The derivated model of slopes allows the use in the
determination of potential superficial runoff (with the rational
formula) in small rural watersheds.

2. Objectives

The main objectives of this work were to: (a) determine the grid
size that shows the highest elevation accuracy and a size or
“informatics’ load” that allows its use without costly storage or
processing requirements and (b) evaluate, in five small rural
watersheds, whether potential surface runoff calculated by the
Rational Method (RAMSER), is similar or different when the
average slope used is found from the slope model (a DEM
derivative) or in the field.

3. Materials and methods
3.1. The site

The experiment was conducted in the Yatasto district of the
Province of Salta, North West Argentina (25° 58’S, 64° 95'W) at an
altitude 796 m above sea level; this zone is located on the
piedmont plain of the Metan sierra, where crops are grown, with
relatively high slopes and high potential of soil erosion. Soil
management included, 7 years of a very usual regional crop:
cranberry (Vaccinium macrocarpon Ait.). The cranberry crops in
this zone are grown under antifreeze protection systems, with a
high pluviometry for that protection, which, joined to the slopes,
presents a high risk of potential runoff. The soil is and Haplustol
(Soil Conservation Service, 1994), with an organic matter content
ranging from 1.4% (w/w) in the surface to 0.5% at 0.6 m depth.
Soil physical and mechanical properties are given in Table 1. The
study area (plot scale) has an approximate area of 270 hectares
(Fig. 1) and the relief may be seen on the contour lines map
(Fig. 2).

In the experimental area the heaviest intensity of precipitation
is 50mmh~!. This is arrived at from the maximum rainfall
intensity in 24 h: 139 mm, transformed by the Hersfield factor
from 123 mm.dia—! x 1.13 day (Differing intensities in 24h,
exceeding the Maximum Daily Rainfall, may be found as recom-

mended by Hersfield (1961), by multiplying the Maximum Daily
Rainfall by 1.13), and corresponds (taking the rainfall intensity in a
time period of 1 h using the Evans factor of 0.36; Evans, 1971),to a
storm of approx. 50 mm h~'.

3.2. Parameters in the five watersheds

Historically, research on surface runoff and soil erosion has
mainly been carried out at test plot scale, in which the dominant
control factor is the slope gradient. However, plot-scale runoff
patterns may be very different (Takken et al., 2001). For this reason,
this study was performed in test sites in five small rural
watersheds (field scale), all of them within the total DEM study
area and none of them over 81 hectares.

The morphometric parameters found for the five watersheds
(Table 2) were determined from the contour line map (Fig. 2).

3.3. Construction of the DEMs

The basic unit of information in a DEM is altitude, z, along with
data for x and y, expressed in a geographic projection system for
precise spatial georeferencing. The determination of these data
(mainly altitude) and its transfer to digital format is the first step in
generating the DEM.

Fig. 1. Satellite image of the site.Source: Digital Globe—Google
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Fig. 2. Contours map of the site (equidistance 0.50ms), used in the
digitalizationSource: Authors

In this study, to generate the DEM, an indirect methodology was
used (manual scanning of contour lines) and the “DEM from
Contour” algorithm (PCI Geomatica software version 9). This
methodology was used because in the selected zone, the only
altimetry information available are the level curves planes
(analogical), that is why we chose to digitalize that planes, in
order to generate the database. According to Rosatto (2005), DEMs,
depending on the methodology and the interpolation algorithm on
which they are based, may be classified differently. According to
this, the DEM constructed is classified as “Strings”. Analogical
documents (contour line map, see Fig. 2) were scanned manually
using the methodology proposed by Solari et al. (2007). This
information was used to generate the DEMs.

3.3.1. Grid sizes

According to the studies and recommendations of different
authors mentioned in the introduction and bibliographic review
(Serensen and Seibert, 2007; Taconet and Ciarletti, 2007; Wolock
and McCabe, 2000; Cheng et al., 2006, 2007; Salvador-Blanes et al.,
2006; Fua et al., 2006), it was decided to use three different grid-
size resolutions, 2.5m; 5.0m and 10.0 m. Also these authors
mention the importance of knowing the altimetry quality of the
DEM in order to be able to evaluate their potential use. It also
mention that the best altimetry quality results, are based on the
data source and grid sizes used on its generations.

3.3.2. Statistical analysis

3.3.2.1. Model accuracy. A set of control points considered the
“field truth” is usually used to evaluate the accuracy of elevation
models. These points are compared to those generated by the
model at the same planimetric position. The difference between

the two heights is the error, and the statistical values used for
evaluating DEM accuracy are found with these errors. The best
control points are those found in the field (United States Geological
Survey (USGS), 1998). These control points are statistically
considered “true” with no error. As recommended in the literature
(Li, 1991; USGS, 1998; Xiaojun and Hodler, 2000), the RMSE (Root
Mean Square Error) was used to determine DEM accuracy.
The following formula was used for its calculation:

RMSE — 1 | 2ie1 i —yi)?
N

where yi is the model height (z), yj is the real height (z) and N is the
number of pairs of data modeled.

To corroborate the results, the population variances (based on
sample variances) were compared using G.W. Snedecor’s F-test
(Pimentel Gomez, 1978). A null hypothesis (HO) of equal variances
and a hypothesis (H1) of inequality were proposed.

3.4. Potential surface runoff

There are many equations and methodologies for calculating
potential surface runoff in watersheds. In this work, the Rational
Method (RAMSER) was used because this methodology is widely
used by many Government bodies in Argentina, and recommended
in Latin America. Furthermore, as shown in the bibliographic
review, it is recommended for estimating microdrainage and small
rural watersheds, conditions similar to those in this study. It is
important to noted that in many cases, the derivated models not
always maintain the altimetry quality of the original DEM, and in
order to calculate the superficial runoff with the selected
methodology, the slope is one of the parameters involved.

Aciar et al. (2008) mention in their work on the Bolivian Chaco
that runoff depends on rainfall (duration, intensity and distribu-
tion), microdrainage characteristics (size, shape, topography), type
of soil and cover. They also suggest the Rational Method as one of
the methodologies to be used. In their report for a locality in Jujuy
Province (Argentina), Paoli and Franzoni (2008) mention calculat-
ing runoff in the study area using the Ramser Formula.

For rural watersheds of less than 690 hectares, Villanueva et al.
(2003) among others, believe that the Rational Method (RAMSER)
would be closer to agricultural problems both because of the
source of the original data and the method used.

Botero Gutiérrez (2008) mentions that it is approximately
sufficient in small watersheds (<101 hectares), but when applied
to large watersheds, it has the drawback of overestimating flood
peak magnitudes.

The RAMSER formula:

C-1-A
Q= 360
where Q is the peak runoff flow rate (in m>s™'), C is the
dimensionless runoff coefficient, I is the corrected rainfall intensity
in the watershed over runoff concentration time (7c), in mm h™!,
and A is the area of the watershed in hectares.

Table 3
The Root Mean Squared Error (RMSE) calculated for three grid sizes.
Grid sizes 2.5m 5.0m 10.0m
Summation of the 31.83 31.53 30.59
square errors
Number of samples 58 58 58
RMSE (m) 0.741 0.737 0.726




12 H.G. Rosatto et al./Soil & Tillage Research 112 (2011) 8-17

Table 4
Average slopes obtained by Alvord’s method.

Watershed Total length of watershed Equidistance (vertical interval Surface of watershed Average slope
contour lines (m) between curves) (m) (m?) calculated
Number 1 34.009 0.50 787.000 2.16%
Number 2 7.262 0.50 230.000 1.58%
Number 3 2.931 0.50 74.000 1.98%
Number 4 4.296 0.50 129.000 1.67%
Number 5 3.263 0.50 107.000 1.53%
Table 5
Obtained histograms (of each watershed) from slope map derivate from the 10 m grid size DEM.
Watershed Minimum (°) Maximum (°) Average (°) Median (°) Mode (°) Standard deviation No. pixels
1 0.50968 5.9891 1.559 1.3872 1.2374 0.579 7701
2 0.61532 3.6607 1.344 1.3291 1.3529 0.181 2453
3 0.51134 3.4109 1.393 1.3382 1.3382 0.427 715
4 0.56439 3.7761 1.410 1.3798 1.3673 0.321 1236
5 0.61553 2.5618 1.321 1.2922 1.2846 0.235 1356
Table 6

Average Slope obtained by Alvord’s method and from the slope model derivative from the selected DEM.

Watershed number 2
Slope average (%)

Watershed number 1
Slope average (%)

Slope average
Used method

Watershed number 4
Slope average (%)

Watershed number 3
Slope average (%)

Watershed number 5
Slope average (%)

Alvord’s method 2.16 1.58
Slope map derivated 2.72 2.35

1.98 1.67 1.53
243 2.46 231

The parameters used in the formula (after their determination)
in this study, were considered constant factors with the exception
of the slope: both the one found in the field and with the derived
slope model (from the selected DEM), for examining whether there
are significant differences in the calculation of potential surface
runoff when they are used.

3.4.1. Parameters

3.4.1.1. Average slopes. The average slope was calculated using two
methodologies:

(a) The one found in the field using the Alvord method (Rosatto,
2005):

The Alvord formula:
Average slope (%)
_ Total length of coutour lines (m) x iso distance (m)
n Areawatershed (m2)

(b) The one found from the DEM based on the slope model (map),
derived from the selected DEM.

3.4.1.2. Dimensionless factor (C). Calculation of “C” is found related
to soil infiltration, plant cover, relief, rainfall intensity and soil
texture. There are different methodologies for its calculation, four
of which were applied and averaged: (I) Gunnedah (Res. Stat., New
S. Wales, cited by Ibarra, 1973); (II) Dastane (cited by Puricelli,
1983); (Ill) Frevert (derived from the original by Ramser, 1955);
(IV) Schwab et al. (1981).

3.4.1.3. Concentration time (Tc). The concentration time (Tc) has to
be established first, before the rainfall intensity in the watersheds,
I, can be calculated. There are also many formulas for calculating
Tc. Some of the most commonly used were selected (those with
average slope, the parameter studied, in the equation) and then the
average of the results found was used.

The formulas used were: (I) Schwab et al. (1981), mentioned
and adapted by Marelli et al. (1983); (II) Rouse; (III) Kirpich; (IV)
Australian Water Commission.

4. Results and discussion
4.1. DEM construction results

In the previous section, we described the methodology used to
achieve DEM, we also suggested that the choice of the grid size
used for the matching step should be carefully made since it may
have consequences upon the obtained DEM and on the subsequent
calculation of parameter values. This part aims at quantifying these
effects in order to find out the best choice for the soil in this
experiment.

As said above, three grid sizes, 2.5 m, 5.0 m and 10.0 m (sizes
compatible with large-scale or field models) were used to decide
which grid size had the most elevation accuracy and a size or
“informatics’ load”, which was usable without costly storage or
processing requirements. The three DEMs obtained may be seen in
Fig. 3.

4.1.1. Statistical analysis (model accuracy)

As recommended by the United States Geological Survey
(USGS) (1998), field control points were used. The number and
distribution of test or control points recommended by the USGS
(1998) for the DEM evaluated is a minimum of 28 points, 20
interior and 8 edge points. In this study 58 control points were
used, 20 around the edges and 38 interior.

The Root Mean Squared Error (RMSE) calculated is shown in
Table 3. The RMSE found for the three grid sizes studied are around
0.73-0.74 m, and the model was generated with the 10.0 m grid
size, the one with the highest accuracy rate. This result is accord
with Morillo Barragan et al. (2002), who indicated on the existence
of a grid size which join the best possible RMSE, compatible with
the minor “formatics’ load” Finally, according to DEMS classifica-
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DEM from Contour - Gnide Size: 2.5 m

DEM from Contour - Gride Size: 50m

DEM from Contour - Gride Size: 10.0 m

Fig. 3. Image of the DEMs obtained.

tions proposed by Schiewe Jochen (2000) based in the RMSE of the
model, the three models obtained can be classified as high
accuracy. This high accuracy obtained in small grid sizes is in
accord with the ones mentioned by other authors (Cheng et al.,
2006, 2007; Salvador-Blanes et al., 2006; Fua et al., 2006; Serensen
and Seibert, 2007; Taconet and Ciarletti, 2007).

G.W. Snedecor’s “F-test” was used to corroborate whether the
differences observed are statistically significant. “Calculated F’
was the quotient between the highest and lowest standard
deviation for the three models analyzed. The results show that
calculated F (are around 1.01-1.02) is below the critical value
(1.85(°%°8y, 1)) in the entire sample variances analyzed, demon-
strating that processing is equivalent for the grid size and
algorithm used. With the results and conclusions developed to
this point, for the study methodology and conditions, the first goal

Table 7
Concentration time calculated.

set has been met, and the DEM based on the 10-m grid size was
selected (Fig. 4) as the best for evaluating whether potential
surface runoff calculated is different or similar depending on
whether the mean slope is found from the slope model (derived
from the DEM) or the mean slope found in the field, in the five small
rural watersheds studied. The applicability of the 10 m grid is also
supported by the catchment statistics examined in this study over
the range of grid scales.

Consequently, as found by Zhang and Montgomery (1994), a
grid scale of 10 m captures sufficient hill-slope detail for the terrain
examined. The results also show that choice of digital elevation
model grid size is important in determining all the geomorphic
measures examined in this study, except for the hypsometric
curve. A grid size should be selected which is considerably less
than that of the average hill-slope length.

Used equations for Tc calculation Watershed number 1

Watershed number 2

Watershed number 3 Watershed number 4 Watershed number 5

Field slope DEM slope Field slope DEM slope Field slope DEM slope Field slope DEM slope Field slope DEM slope

Schwab 31.7 30.0 23.5 20.3
Rouse 42.6 53.6 19.3 28.6
Kirpich 31.8 29.1 23.7 203
Australian water committee 34.6 33.1 30.8 28.5

Tc average (in min) 35.2 36.4 24.3 244

16.1 154 19.0 16.6 16.8 13.6
20.4 25.1 17.6 25.9 15.1 22.8
16.7 154 19.1 16.5 17.2 14.7
26.3 25.2 28.1 26.0 26.9 24.7
19.9 203 20.9 21.2 19.0 189




14

H.G. Rosatto et al./Soil & Tillage Research 112 (2011) 8-17

Fig. 4. DEM from contour-grid size selected: 10.0 m.
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Fig. 5. Five small rural watersheds selected.

Fig. 6. Slope map model derivative from the 10 m grid size DEM.Source: Own

Therefore, if sufficient hill-slope detail is captured at a
resolution of 10 m by 10 m for reliable geomorphological and
hydrological assessment to be made, there may be no need for finer
grid resolution with its accompanying fourfold increase in number
of grid points with each halving in grid size (and resultant data
storage and handling issues).

For the second goal, the mean slope (in addition to other
parameters) of each area was calculated for each of the five small
rural watersheds studied (see Fig. 5).

(a) The results with field data, using the Alvord method may be
seen in Table 4.

(b) Using the slope model derived from the DEM selected (Fig. 6),
the results are as observed in Table 5 and Fig. 7. Note: On the
slope model map, each watershed was “cut out” along the
water divide before finding the average slope. The average
slopes found by both methods (mentioned in points a and b)
are summarized in Table 6. Coinciding with the results
mentioned by Wolock and McCabe (2000), we found that
the small-sized grids increase the average slope found over
those found from field data.

4.1.2. Dimensionless factor (C)

There is a wide range of values for each land use, slope, the ratio
of vegetative cover, soil type, watershed type, and surface
condition. The coefficient, C, is a dimensionless ratio intended to
indicate the amount of runoff generated by a watershed given an
average intensity of precipitation for a storm. While it is implied by
the RAMSER method, that intensity of runoff is proportional to
intensity of rainfall, calibration of the runoff coefficient has almost
always depended on comparing the total depth of runoff with the
total depth of precipitation.
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Fig. 7. Histogram screen image from slope map derivate (trimmed by water divide line) numbered and ordered from 1 to 5.

In this work, the average found: C = 0.47, is the same for all the
watersheds, because the soil, infiltration, plant cover, relief, rainfall
intensity and soil texture are similar in all five rural watersheds.
This value is corresponding with permeable soils, flat slopes and
dense vegetation.

4.1.3. Concentration time (Tc)

The concentration time found (Tc) for the four equations
selected are shown in Table 6. The rainfall intensity (I) was
determined with the average concentration time calculated for
each watershed (Table 7) for the parameters used (slope found in
the field and slope found from the model). In agreement with
Botero Gutiérrez (2008), the use of a time concentration average
(obtained from different mathematic models), it is an appropriate
parameter for these calculations.

Table 8
Corrected intensity of rain calculated.

Different mathematic models were also used for this: (I) the one
proposed by the FAO (Hudson, 1997); (II) the one proposed by
Sciortino (1991), with local data from Salta (10-year recurrence);
and (III) the one proposed by Schwab et al. (1981) to correct the
intensity in the Kirpich method. The results may be seen in Table 8.

4.2. Calculation of Q (m>s~!) by the Rational Method for determining
the potential surface runoff

With the data found, the potential runoff was calculated for
each of the watersheds, for the two situations (field data and data
derived from the DEM) of the parameter evaluated (average slope).
In spite of the fact that the average slopes obtained from the
derivated model are slightly superior to the ones obtained with
field data (according with Wolock and McCabe, 2000), these

Used equations for Tc calculation Watershed number 1

Watershed number 2

Watershed number 3 Watershed number 4 Watershed number 5

Field slope DEM slope

Field slope DEM slope

Field slope DEM slope Field slope DEM slope Field slope dem slope

FAO (Hudson, 1997) 65.0 66.0 77.0 76.7
Sciortino (1991) 71.5 70.0 80.0 79.6
Schwab et al. (1981) 71.6 70.5 87.6 88.5

Intensity average (in mm) 69.4 68.8 81.5 81.6

82.5 82.0 81.0 80.5 84.0 84.3
85.0 84.5 83.9 83.5 86.0 86.5
99.5 98.3 96.9 96.2 102.0 102.3
89.0 88.3 87.3 86.7 90.7 91.0
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Table 9
Potential peak runoff calculated.

Used equations for Tc ~ Watershed number 1 Watershed number 2

Watershed number 3

Watershed number 4 Watershed number 5

calculation

Field slope = DEM slope Field slope DEM slope Field slope = DEM slope Field slope =~ DEM slope Field slope = DEM slope
c 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47
I (mm) 69.4 68.8 81.5 81.6 89.0 88.3 87.3 86.7 90.7 91.0
A (hectares) 78.7 78.7 23.0 23.0 7.4 7.4 129 129 10,7 10.7
Volume of the peak 7.131 7.069 2.447 2.450 0.860 0.853 1.470 1.460 1.267 1.271
runoff (m>s~1)
Observed differences 0.062 0.003 0.007 0.010 0.004

(m’s ")

differences did not result statistically significant for the calculation
of the superficial potential runoff of the studied watersheds. Hence,
the data support both hypotheses.

The maximum surface runoff flow rates are summarized in
Table 9. In the statistical analysis “r?” =0.98 (high correlation
between the model and field data) and the comparison of means by
the Duncan test (p: 0.01), does not show significant differences
between them.

5. Conclusions

(a) The equidistance (vertical interval between the successive
contour lines) on the contour line map used and the scanning
method used to generate the database necessary to generate
the DEMs, enabled models with high elevation accuracy to be
found, in fact, with an accuracy even higher than mentioned in
the bibliography for the DEM generation method used
(Strings).

(b) Assessing the first objective: the 10-m grid size enabled a DEM
to be found that combines high elevation accuracy and a
suitable size or “computational weight”. We consider as a
suitable size or computational weight for the DEMs, the one
with joint the best accuracy (less RMSE) and less processing
needs (RAM memory).

(c) For the method used (RAMSER) and the parameter analyzed
(mean slope found from the model derived from the DEM), the
results obtained for the five watersheds allow us to state that,
for the study methodology and conditions, there are no
significant differences in the peak runoff flow volumes found
for the small rural watersheds whether the mean slope is found
in the field or taken from the model (slope) derived from the
selected DEM., assessing with this the second objective.
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