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Abstract

Soil erosion is the main degradation process in tropical agroecosystems. Soil erosion
rates should be i in land cvaluation and planning

The methods available for erosion prediction are not sufficiently calibrated or validated
for tropical soils, climates and crops. Thus, differences in estimated soil erosion values
may be expected, even if considering the same input data. Three soil erosion estimation
methods (USLE, WEPP and 'VCs) were applicd to the same watershed cultivated with
sugarcanc in Southeastern Brazil (ncar Piracicaba § 22°3854” and W 47°45°40”). The
absolute erosion rate values and the diflcrences in the spatial distribution were evalu-
atey overall results suggested that there are important differences in soil loss esti-
mated by the three methods. The differences occurred in both, mean values and geo-
graphic locations. The sequence of mean soil loss values was USLE>>'YCs>WEPP
and standard deviation values USLE>WEPP>'V'Cs, indicating that USLE predicted the
highest erosion values and spread out over the widest range. The poor geographical
coincidence of the results is evidence that lhc values r::ulnng rrom none calibrated soil
crosion methods should be i only as q The method se-
lection should consider overall site vanabnluy in relation to known sensitive method
factors.

1 Introduction

In tropical agroccosystems, soil erosion is usually considered as the main land degrada-
tion process, especially if land use is intense (Lat., 1990). Soil erosion can reduce crop
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p ivity, either due 10 soil or nutrient depletion (Larson ct al 1990).
Therefore, soil erosion rates arc usually part of the information to be considered for
land ion under tropical ions. Soil conservation planning, land use technol-
ogy impact and the evaluation of the ility of agriculture are exam-
ples of issucs that require erosion estimations (Pivexre et al 1995; Crark el al 1985).

Soil erosion evaluations in large scales, for cexample in a watershed, can not be based on
direct measurements duc to methodological restrictions (Lat, 1988) and an excessively
high temporal variability (Epwarns & Owens, 1991). Direet measurements would un-
dertake complex and costly methods resulting in senseless or not representative valucs.
Therefore, under these conditions, soil erosion is usually estimated. If, instead of quali-
tative erosion risk determination, quantitative predictions are desired, these estimations
have o be based on models or on direct asscssment as through ' Cs fallout redistribu-
tion analysis.

The Universal Soil Loss Equation or USLE (WiscumEemEr & Swrrn, 1978) is the most
comprehensive statistic soil crosion prediction method. Most of the subsequent statistic
bascd soil erosion prediction methods are based on or have components of USLE (Renakn
& Mausiacit, 1990; Foster, 1982). However, sedimentation can not be estimated with
USLE. The Water Erosion Prediction Project or WEPP (FLanAGAN & NEARING, 1995) is
conceptually different because process based soil erosion prediction method and

i s sedimentation as well. The 'V'Cs fallout redistribution analysis cstimates ero-
sion directly, bascd on soil "Cs activity. This method is sensitive not only to soil mate-
rial redistribution via soil erosion but to other pathways such as tillage, scraping and
road construction (Ritcuie & McHenry, 1990; WALLING & QUINE 1993).

All three methods have been validated under specific experimental conditions, usually
compared 10 measured erosion data resulting of natural or simulated rainfall (WISCHMEIER
& Swmirti, 1978; Lane et al 1992; Rirch: & MCHENRY, 1990). Each of the methods is
based on different theoretical assumptions, and in part estimates different parameters
(USLE estimates soil crosion rates, WEPP and '7Cs estimate crosion and deposition
rates). The equation parameters for USLE and WEPP as well as the statistical proce-
dures to conyert '7'Cs activily in erosion rates, were determined in temperate environ-
ments, mostly in North America and Europe, under completely different soil, climate,
management and fallout conditions from the tropical regions.

Probably, bias imposed on methods result from both, differences in theoretical assump-
tions and exogenous fundamental database, when applicd to tropical conditions. These
may yield differences in estima even sidering the same input data. The
analysis of these diffc s in and ic location is a step forward to
learn about method performance. The definition of specific conditions where the results
from one or other erosion prediction method may be more reliable also depends on
comparative studies.
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The objective of this study was o determine differences in soil erosion prediction pat-
terns from 'Cs fallout redistribution analysis, USLE and WEPP in a watershed inten-
sively cultivated with sugarcanc in Brazil, conditions under which none of these models

were developed or validated.

1 Material and Methods

The study area is a 6 ha part of the Ceveiro watershed (2,200 ha) located at the South-
castern part of Brazil (Piracicaba) with central coordinates of S 22°38°54” and W
47°45°40". Climate, according 1o Koeppen’s classification is Cwa (Humid subtropical
with a dry winter and less than 30 mm rain in the driest month, the temperature in the
hottest month is beyond 22°C and in the coldest below 18°C). The S-shaped slope
profiles have a mean slope value of 16 % (80 % of the computed slope values were
between 5 and 25 %). The soil, an Arenic Paleudult (Soil Survey Staff, 1990), has a
surface layer with 70 % sand decreasing to 50 % in the subsurface Bt horizon. Local
and overall land use is primary intensive sugarcane production (4.8 ha or 80 % at the
sitc and 50 % regionally). In the central part of the area an abandoned pasture (1.2 ha) is
cting as a bulfer strip (Figure 1). Past soil erosion is evident by a mosaic of colors at
the surface extending from gray colors at the top slope positions characterizing the
original surface horizon (o strong yellow colors form the Bt horizon, originally at the
depth of 1.0 m, at the mid slope. AL the end of the slopes and under pasture, a decp
surface unstructured sandy horizon, indicating recent depositions, dominates. Ephem-

Sugarcane
B Pasture
4 Soil sampling points
= Soil erosion transects

75 100 metars

Figure 1: Site location, soil sampling points and soil erosion estimation transects
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eral gullies are currently manifested at the end part of the slopes. Earth roads, made of
soil material taken out of the site, were build around the area to allow mechanical
sugarcane harvesting and transportation.

The '¥'Cs methodology was applicd according to Walling & Quine (1993). Samples
were collected down to the depth of 0.8 m, in order to include all 'Cs present in the soil
profiles, on 6 transects with a distance of approximately 30 m between sampling posi-
tions (Figure 1). The V'Cs determination was performed on a Gamma spectrometry
equipment (detector model GEM-20180P, Pop Top EG & G ORTEC, associated to a
multi-channel analyzer; 1.0 liter Marinelli Beakers with counting time of 20 to 24 hours).
The conversion of Cs inventories (Bq m) into soil redistribution (Mg ha™ year) was
calculated by a proportional model as described by Walling & He (1997).

Slope information for USLE and WEPP were extracted from a topographic contour
map scale 1:10,000 with an original vertical resolution of 5 m, interpolated to 2 m ver-
tical resolution using GIS triangulation tools. Twenty five soil erosion estimalion transects,
following the natural surface runoff outflow, were defined for USLE and WEPP calcu-
lations. The USLE was applied progressively to the intersections of the contour lines
with each one of the 25 erosion estimation transects (Figure 1). For each intersection
segment the USLE slope component LS was calculated according (o Foster & Wischmeier
(1974). For WEPP, the altitude Z values were converted in relative slope values using
an interface program for building the slope input files. Local climatic data from daily 30
years records were used to calculate USLE and WEPP climate inputs. The USLE R
factor was estimated as 6,235 MJ mm ha"' "' using the procedures described by Lombardi
& Mondenhauer (1980). The climate input filc for WEPP was generated using CLIGEN
ver. 4.3. (Nicks et al 1995) running a 98 year simulation. Soil erodibility for USLE (K
factor) was based on equations suggested by Denardin (1990) and computed from ana-
Iytical results determined from soil samples collected at the same positions as for ¥
activity measurements, resulting in a valuc of 00285 Mg h MJ? mm*. The same proce-
dure was used for WEPP, computing the soil input file based on the internal equations of
WEPP version 99.5. Management files for sugarcane and pasture for WEPP were com-
puted using the 99.5 version shell. The cover and management factor (C) and support
practice factor (P) values for USLE were based on the suggested values from De Maria
et al (1994‘). The combined C times P values were CP =0.1533 for sugarcane and
CP = 0.0080 for pasture.

The GIS procedures were carried out by means of TNTmips (Micro Images®) version
6.2. After soil erosion determination, the values representing the sampling points for
"Cs analysis and the intersections of the altitude contour lines with the 25 transects
established by means of USLE and WEPP hillslope version 99. cre georeferenced
using an interface program and imported for the interpolation calculations into the GIS.
The interpolation procedure (o transform the data to raster format (1.0 x 1.0 m pixcl or
354 lines x 348 columns) was the same for all three methods which was squared inverse
distance linear interpolation. The diffcrences or residues for all model combination
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("7'Cs minus USLE, ¥Cs minus WEPP and USLE minus WEPP) were calculated by
subtraction of individual pixel values. General statistic mean, standard deviation, mini-
mum and maximum values from soil loss and subtracted amounts were calculated based
on the complete set of interpolated values. To allow a geographic representation of the
results in form of maps, the values were grouped in intervals as shown in Table 2.

None of the adopted methods were calibrated or validated under the tillage, soil and
climatic conditions of the investigated watershed and there were no experimental soil
loss data available. This scenario (i.e. lack of method calibration or experimental soil
loss data) can be considered as typical for land use planning under tropical conditions
(Graarr, 1996)

2 Results and Discussion

Table 1 shows general statistic results of cach soil erosion prediction method and the
differences (subtractions) between them. Table 2 shows the soil crosion and method
subtraction erosion rate classes percentages. The maps with soil loss and subtraction
values divided in classes are presented in Figure 2.

The overall results suggest that there are important differences in soil loss estimation for
the three methods. The differences occurred in both, mean values and geographic per-
mrmanCL Basic methods assumptions could be associated to the different soil erosion

patterns. General on methods icability were suggested. A
detailed discussion on specific aspects of the method performance and diftcrcnges fol-
lows.

Table I: General statistics and erosion/deposition frequencies

Method Minimum|Maximum| Mean ls)l:;:;:.: Erosion or (+)[ Deposition or (-
Mg ha'! year” %
Predicted soil erosion
Tics 6 RS 16 934 66
USLE 0 B5 | 52 39 1000 0.0
WEPP EE w6 | 13 0 837 163
Difference between methods
WICS.USLE | 405 K a 309 9.1
CS-WEPP | -120 %0 | 16 % 768 B2
USLE-WEPP | 6 B | 39 3 956 [
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Table 2: Estimated soil crosion classes and method differences class frequencies

Method Class in Mg ha™" year™' (%)

>90 |60 10 90]30 10 60[15 0 30] 01015 [0 1015 15 10 -30[30 t0 -60] < 60
s 0 0 57 26 10 5 [ 1 0
USLE 13 24 28 19 16 0 0 0 0
WEPP 0 0 6 48 29 10 4 2 1

Class in Mg ha™' year” (%)

>36 [ 361012 | 1206 | 606 |-610-12 [-1210-36] <36
3 18 5 9 26 34
20 33 15 16 6 8 2
44 32 10 14 0 0 0

The sequence of mean soil loss values was USLE>>'Cs>WEPP and standard devia-
tion values USLE>WEPP>'Cs, indicati

relation to the topographic
estimations as compared to experimental plot valucs were described by Tomds &
Coutinho (1994) in Portugal. USLE statistic database, used to develop the cquation
parameters, was based on uniform small plots (=~ 22 m long and = 3 m wide) under
single management experimental conditions. In these plots nonc or little deposition is
expected as compared 1o real longer complex slopes and management situations. The
lack in considering sedimentation and the heritage of the experimental conditions of
USLE development were the reasons Johnson (1988) pointed out to explain
over-prediction in relation to "Cs. The conditions under which this study was con-
ducted are coincident with what has been described by Johnson (1988) for USLE soil
loss over predictions i.c. long and complex slopes under different management prac-
tices. The average slope length from the 25 soil erosion estimation transccts (Figure 1)
was 129 m (6 times longer than the USLE standard experimental plots) with a minimum
value of 78 m and maximum of 219 m. Higher soil loss estimations for RUS r Re-
vised Universal Soil Loss Equation, Renard et al (1997) as compared to WEPP were
auributed to a lower sensitivity to crop related parameters and higher sensitivity to
topographic factors in RUSLE (NEARING et al 1990). A contrasting land use and man-
agement pattern with an abrupt boundary between intensively cultivated sugarcane and
an abandoned pasture over steep, long and complex S-shaped slopes are favorable con-
ditions for over estimations, or at least, higher erosion rate estimations for the USLE as
compared to WEPP or '7Cs. This performance is directly linked and heritage from the
experimental conditions under which USLE was developed, its sensitivity in relation to
topographic and management factors and the lack of sedimentation prediction.
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Figure 2: Geographical distribution of absolute soil erosion estimated by three methods.

The influence of the erosion rate estimation method in relation to land use planning
decisions was significant. Considering 12 Mg ha” year" as normally accepted soil loss
tolerance value (McCormack et al, 1982) the mean values would define the arca as
acceptable in relation to crosion rates by WEPP (= 1 time soil loss tolerance), ~ 2 limes
tolerable erosion rates with ¥Cs and =~ 4 times by USLE. An area with a soil surface
color mosaic showing layers that were one meter decp in the original soil profxle
sediments overall spread out at the lower slopes and frequent ephemeral gullics, is far of
being considered as acceptable in relation to erosion following the common sense. It is
not advisable to rely on quantitative results when working with erosion prediction meth-
ods under no calibrated situations, once it is not possible to guarantee accuracy based
on experimental results. External standards for acceptable or tolerable soil erosion rates,
in this case, may conduct to untruc or far from common sense judgments. The unclear or
different problem perception of the farmer in relation to a land use planning decision is
a main reason for technology none adoption (Fusisaka, 1994). The tolerable value, un-
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der these conditions, should be internal and based on common problem perceptions or
other indicators such as productivity decline, silting and water pollution or availability.
Absolute quantitative soil loss tolerance values, as suggested by Grossman & Berdanier,
(1982), should be substituted by time functions with present time erosion rate equal to
the estimated soil rates (SPAROVEK & D JONG VAN Lig, 1997). The present time crosion
rate, independent (o its absolute value or estimation method, would be reduced as a
function of time, according Lo the recognition of erosion related problems and its reha-
bilitation or reversion and following an exceutable conservation land use and manage-
ment strategy. Following this proposal, the relative geographical distribution pattern
becomes more important than the absolute values yielded from the erosion estimation
methods.

WEPP estimated a continuous deposition arca located at the final 1/3 of the transects,
coincident with the transition of sugarcane to pasture and with lower slope values. The
largest depositions, in this case, were found close after the crop transition (range of
< -60 Mg ha''year"), and deposition rates in the range of 0 to -15 Mg ha tycar! at the
end % transects (Figure 2). The high sensitivity of WEPP to crop parameters and the
great differences from sugarcane in relation to pasture for soil cover distribution, sur-
face roughness and tillage (Nearing et al 1990) are the reasons for WEPP reaction 10 a
crop shift. USLE performance at the same boundary had a less significant soil erosion
rate reduction, because of the higher sensitivity to slope factors and the none considera-
tion of sedimentation (Risse et al 1993; Wischmtiir & Swir, 1978). The geographic
distribution of soil crosion valucs estimated by 'Cs (Figure 2) did not follow the clas-
sical and expected trend shown by WEPP and USLE. The common sense would expect
increasing crosion rates from up to down slope and deposition (or soil erosion reduc-
tion) at the end slope where a pasture buffer strip arises on a smoother landscape posi-
tion, exactly as shown in figure 2 for WEPP and USLE. The 19Cs redistribution analy-
sis method is, although, sensitive to other soil transport mechanisms e.g. road construction
or maintenance, surface leveling after gully formation and downhill plowing (RiTcHiE &
McHenry 1990). All these operations presently occur in the area and can be considered
as routine procedures under intensive sugarcane cullivation, consequently undertaken
in the area for the last 25 years. The indication of depositions side by side of very high
crosion ralés at the upper slope, as shown in figure 2 for '7Cs, can not be explained by
soil erosion basic concepts or process theory. Although, these patterns can easily be
understood by considering that exactly at this position a main carth road was build for
sugarcane transportation and that for leveling a road soil material had to be scraped
from one place (high soil erosion values) to another (deposition). Other soil material
movements may explain the distribution patterns overall the area (gully leveling, sec-
ondary road construction) but this information can not easily be assessed or retrieved
after 25 years of commercial sugarcane production. Probably, this human material re-
distribution has not exported soil out of the area thus it should not, in theory, influence
average crosion rate values. The intermediate performance of “"Cs in predicting aver-
age soil erosion rates as compared to USLE (forcscen over prediction) and WEPP (high
sensitivity to nonc calibrated crop parameters) may not be completely casual.
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The sequence of absolute (modulus) mean method differences was USLE-WEPP>>
“Cs-USLE>"Cs-WEPP. Positive values were observed by USLE-WEPP and
s-WEPP and negative values by Cs-USLE (Table 1). USLE estimated higher soil
crosion values in 69 % of the area as compared to *"Cs and 99.6 % in relation to WEPP.

7Cs estimations were higher than WEPP in 23 % of the arca. The difference class from
610 -6 Mg ha' year’, which would yield the same interpretation in relation to soil loss
tolerance considering 12 Mg ha' year" as a standard, ranged from only 9 % of the arca
by 'Cs-USLE up to the maximum, but still low, value of 16 % by ’Cs-WEPP. The
differences between 7Cs and WEPP and '¥’Cs and USLE followed a random or trend
less pattern (Figure 3). The differences between USLE and WEPP (Figure 3) show a
clear trend. increasing from the upper slope until reaching the maximum values of
> 36 Mg ha'! year' from the %4 slope on. The greater sensitivity to slope parameters in
relation to WEPP and a gcql sensitivity of WEPP to crop related factors and its sedi-
ment can be clearly 2 i to these differences. Probably, if

L
“'Cs - USLE ¥'Cs - WEPP

236 Mg .hal !

USLE - WEPP RS

Figure 3: Geographical distribution of differerences between soil erosion estimation methods
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an internal relative soil loss tolerance value would be adopted, a similar interpretation
of erosion impacts would be achieved by WEPP and USLE at the upper slope and
‘WEPP would attenuate crosion impacts at the mid and end slopes.

The poor geographical coincidence is another evidence that the values resulting from
none calibrated soil erosion methods should be considered as qualitative indications
and (hat the target crosion rate value has to be internally determined. In this case, the
coherent geographic distribution, the local variability in relation to known sensitive
method factors, the kind of output needed and the available database should be the key
issucs to select methods.

3 Conclu

The basic assumptions of the erosion prediction muhnd had a significant influence on
both, mean crosion or ition rates and ion palterns.

The election of the method (o predict crosion can influence significantly the final inter-

pretation of erosion associated impacts.

‘The method selection should consider overall site variability in relation to known sensi-
tive method factors.

Vergleich dreier Methoden (*’Cs, WEPP, USLE) zur Schiitzung der
Wassererosion im Zuckerrohranbau Siidostbrasiliens

Schlagwérter: Erosionsschiitzung, ""Cs, WEPP, USLE, Zuckerrohranbau
Zusammenfassung

Erosion ist der bedeutendste Faktor fiir den Verlust an Bodenfruchtbarkeit in tropischen
Agrarokosystemen.

Kennwerte fiir Erosion und Erosionsanfélligkeit sind daher wichtige Grundlagen firr die

Planung und Bewertung von Ein Problem hicrbei

ist jedoch, dass die derzeit gebriiuchlichen Methoden zur Erosionsschitzung nicht oder

nur unzureichend fir lroplschc Khmﬂlcn und Anbaubedingungen kalibriert und iiberpriift

sind. Daher sind mit auch unter sonst gleichen
und erschi bnisse zu erwarten.

Drei Methoden zur Erosionsschétzung (USLE (Universal Soil Loss Equation), WEPP
(Water Erosion Prediction Program), “"Cs (Radionuklidverteilung)) wurden auf ein
Wassercinzugsgebiet im Siidwesten Brasiliens (nahe Piracicaba, § 22°38’54” und W
47°45°40”) Dicabsoluten deren raumliche Verteilung
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wurden bestimmt. Generell zeigten sich dabei groBe Unterschiede sowohl in den absoluten
Werten als auch in deren Verteilung. Die Reihenfolge der von den Methoden bestimmien
absoluten Erosionswerte war USLE>>'VCs>WEPP, die der Standardabweichungen
USLE>WEPP>'"Cs. Demnach lagen die mit USLE geschulzlen Erosionswerte am
hochsten bei gleichzeitig groBter Varianz. Die nur geringe geographische
der weiterhin, dass
die Ergebnisse nicht kalibricrter i allenfalls uls q
geeignet sind. Bei der Auswahl ciner Methode zur Erosionsschatzung sind demnach
landschaltstypische Merkmale und i i
abzustimmen.
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